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This final technical report documents the research

efforts in the numerical simulations of tropical weather

systems carried out under the auspices of ONR Contract

N00014-82-C-2306, for the Atmospheric Physics Branch,

Space Science Division, of the Naval Research Laboratory

(NRL).

Our research efforts mainly concentrate in two major

study areas: the interactions between two tropical

cyclones and the construction of an axisymmetric ocean

model. The research in both of these areas has been

completed and reported in two articles. A paper entitled

"A Numerical Study of the Interactions Between Two

Tropical Cyclones" was accepted by the Qonthly litpher

Review and is to be published in the 1983 September issue.

The draft of a second article on the ocean model has been

completed. Both articles are included as Appendices in

this final report. We have also attached a listing of the

computer code of the ocean model, which is also stored in

and accessible from the TI-ASC of NRL. Here, a brief

summary of the study result will be given.

The interactions between atmospheric vortex pairs are

simulated and studied with a nondivergent barotropic model

and a three-dimensional tropical cyclone model (NRL/SAI

mesoscale model). Numerical experiments with nondivergent

barotropic vortex pairs show that the relative movements -" -J

of the vortices are sensitive to the separation distance
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and the characteristics of the swirling wind of the

vortex. No observed mutual attraction is found in any of

* the nondivergent, barotropic vortex pairs tested.

Results from the 3D NRL/SAI tropical cyclone model

show that on a constant-f plane with no mean wind, the

* movements of the two interacting tropical cyclones consist

of a mutual cyclonic rotation, attraction, and eventual

merging, in agreement with Fujiwhara's description. The

* displacement of one interacting storm in the mutual

rotation is proportional to the combined strength of the

binary system, but inversly proportional to the size of

* the storm and to the square of the separation distance.

The rate of merging is related to the development of a

mean secondary circulation on the radial-vertical plane,

* and is quite independent of the strength of the two

tropical cyclones.

The latitudinal variation of the Coroilis parameter

0 adds a northwest beta drift to the trajectories.

Depending on their relative strength and location, the

beta drift can either speed up the merging process or

0 separate the two interacting tropical cyclones.

The axisymmetric ocean model consists of primitive

equations for the conservation of momenta in three spatial

dimensions and the buoyancy. A Boussineq assumption is

made so that the background stratification is kept

constant, the horizontal and vertical diffusion is of the

Fickian type.

2



A leapfrog temporal integration is employed. The

grid is fully staggered as Arakawa C type. The system is

non-hydrostatic, the resultant elliptic equation for the

pressure is solved by a stablized error vector propagation

technique. The basic equations, the finite differencing

form, and boundary conditions are discussed in detail in

the attached Appendix.
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APPENDIX I

O A NUMERICAL STUDY OF THE INTERACTIONS BETWEEN

TWO TROPICAL CYCLONES
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ABSTRACT

The interactions between atmospheric vortex pairs are simulated and

studied with a nondivergent barotropic model and a three-dimensional tropical

cyclone model.

Numerical experiments with nondivergent barotropic vortex pairs show

that the relative movements of the vortices are sensitive to the separation

distance and the characteristics of the swirling wind of the vortex. No

mutual attraction is found in any of the nondivergent, barotropic vortex pairs

tested.

Results. from the 3D tropical cyclone model show that on a constant-f

plane with no mean wind, the movements of the two interacting tropical cyclones

consist of a mutual cyclonic rotation, attraction, and eventual merging, in

agreement with Fujiwhara'a description. The displacement of one interacting

storm in the mutual rotation is proportional to the combined strength of the

binary system, but inversly proportional to the size of the storm and to the

square of the separation distance. The rate of merging is related to the

development of a mean secondary circulation on the radial-vertical plane, and

is quite independent of the strength of the two tropical cyclones.

The latitudinal variation of the Coriolis parameter adds a northwest

beta drift to the trajectories. Depending on their relative strength and

location, the beta drift either speeds up the merging process or separates

the two interacting tropical cyclones.
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1. INTRODUCTION

When two tropical cyclones are present simultaneously in the same

0 region, it is often observed that they rotate around each other with decreasing

separation between them in the absence of large scale wind flow (Fig. 1). The

phenomenon was made well-known by Fujiwhara (1921), and is therefore referred to

* as the Fujiwhara effect. By laboratory experiment and geophysical observation,

FuJiwhara (1923, 1931) demonstrated that the relative motion of two counterclock-

wise vortices was a counterclockwise rotation. Baurwitz (1951) examined several

• tropical cyclone pairs by introducing the concept of center of mass around which

the two tropical cyclones rotate about each other. By approximating the circu-

lation around a tropical cyclone with that of a Rankine vortex, Haurwitz (1951)

* derived a relationship between the rotation rate and the sum of the total mass

circulation of the two tropical cyclones. Many discrepancies were found when

he applied the relationship to observations. Haurwitz attributed the discrepan-

* des to the influence of large scale flow and lack of data, which led to deficiency

in analyses.

Hoover (1961) studied binary tropical cyclones in both the Atlantic and

* Western Pacific Oceans. He found that the interaction between tropical cyclone

pairs in the Western Pacific Ocean agrees with Fujiwhara's description while

those pairs in the Atlantic Ocean rotated in an anticyclonic sense. He

• suggested that the different large scale atmospheric flow patterns in the

two basins may have caused the binary systems to behave differently. The in-

fluence of the large scale flow was also noted by Liu and Wang (1966). They

found that two interacting tropical cyclones in the Western Pacific are not

always attracted to each other when there are strong shears in the environmental

0t

1t



flow. Recently, Dong and Neumann (1982)1 found that storm pairs exhibiting

behavior most in accordance with Fujiwhara's description were located in

- the Intertropical Convergence Zone where horizontal shears in large scale

flow are negligible. They suggest that the effects of environmental flows

be filtered before the real Fujiwhara effects can be determined. But to define

* and remove the large scale flows from observational data is difficult to

accomplish.

Over the 35 year period 1946-1981, storm pairs known to have interactions

* averaged 1.5 annually in Western North Pacific and 0.33 annually in the Atlantic

(Dong and Neumann, 1982). The presence of binary interacting has been noted to

have contriblated to forecast errors of tropical cyclone tracks (Brand, 1970;

* Jarrell at. al.; 1978; Neumann, 1982). Forecasting as well as analyzing a

single tropical cyclone is often hindered by the paucity of observational data

in the tropical cyclone basin (Neumann, 1982); the presence of two storms in

* close proximity can further compound the difficulties.

The purpose of our study is to investigate the interactions between two

tropical cyclones by numerical simulations. Because the spatial resolutions of

* the models are better than the current observational network, and because nu-

merical models can be controlled to produce "clean" results void of undesirable

factors, analyzing realistic numerical simulations can sometimes result in a

better isolation and understanding of the phenomenon than can be acheived from

an observational approach. In this paper we wil first determine the role of

vorticity advection between the two vortices. For this purpose, a nondivergent,

* barotropic model is introduced to test two types of vortex pairs with different

1Dong, K. and C. J. Neumann, 1982: On the relative motion uf binary tropical
cyclones. Regional Scientific Conference on Tropical Meteorology, Tsukuba
Ibaraki, Japan, Oct. 1982.
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swirling.winds. These barotropic tests will be presented in Section 2.

In Section 3, three-dimensional simulations of the interactions between two

0 diabatically driven tropical cyclones on a constant-f plane and with variable

f will be discussed. Our findings will be summarized in Section 4.

* 2. INTERACTIONS BETWEEN NONDIVERGENT, BAROTROPIC VORTEX PAIRS

In this section, we investigate the interactions between nondivergent

barotropic vortex pairs. Through the interactions of such vortex pairs, we can

determine the contribution of horizontal advection of vorticity, because in

such a system advection is the only mechanism for interaction. A description

of the nondivergent, barotropic model will be presented first, and the experi-

mental design and the results will then be discussed.

a. Nondivergent Barotropic Model

The simple non-divergent, barotropic model can be described as

V. V2  - (V2¢ + f), and (1)

at

-* (2)

where f is the Coriolis parameter, ip is the stream function, VV is the

nondivergent wind, and I is a vertically pointing unit vector. The bound-

• ary conditions for (1) and (2) are Neumann, i.e., V ' - 0 at boundaries.

The model has 51 x 51 grid points with a uniform horizontal resolution of

50 km. The relevant elliptic equation

S2 (3)
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where the relative vorticity is defined by

O , .V x .(4)

is solved by a stabilized error vector propagation method (Madala, 1978).

* b. Experimental Design

The major application of the nondivergent barotropic model is to determine

the effects of separation distance and the radial distribution of tangential

* winds on the interaction of the two vortices. Two kinds of wind distributions

were tested. The first kind (type A) of vortex is defined by its cyclonic

swirl wind vo as function of radius r from the vortex center

; "0  Ar (1- sin 0), < r <r o

VO (5)

0, otherwise

where constant A 4 x 10- 4 s- 1 and ro - 400 km. Equation (5) yields a

maximum swirl of IV26 m s- 1 at r - 150 km and a maximum vorticity

- 7.2 x 10-4 s"I at r = 0. We note that there is a cutoff of v0 at ro

The second kind of vortex (type B) is defined as

r2  (6)
*v - Br exp (-

re

where the e-folding- distance re is 150 km. By letting the constant

B - 3.6 x 10- 4 s- 1 , (6) yields a vortex with similar strength as that described by

S (5) with maximum swirl of -29 m s- 1 and a maximum 
= 7 x 10-4 s- 1. Type B vortex

differs from Type A in that there is no cutoff of swirl. Fig. 2 compares the radial

distributions of relative vorticities described by (5) and (6).

4
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Four initial separation distances (300, 400, 600, and 1000 km) have

been tested for each type of vortex pairs. All intergrations with the baro-

tropic model are performed with constant f = 4.37 x 10
- 5 s - .

c. Results

Fig. 3 shows the trajectories of storm pairs having two types of swirl

wind at four separation distances. It is very clear from Fig. 3 that the

smaller the separation distance the faster the mutual transport. For in-

stance, at a separation distance of 1000 km, neither type A vortex pair (with

swirl cutoff at r - 300 kin) nor type B vortex pair can induce mutual motion.

But at a separation distance of 400 kin, they move at a speed of N400 km day-

It is also evident that the mutually-induced motions of type A and type B

vortices are very different, in spite of the values of constants for A and B

which were chosen to give vortices of similar strength. Furthermore, the

trajectories of type A vortex pairs are more anticyclonic. This may be a

result of the fact that type B vortices have positive vorticities at r < 200 km

whereas the vorticities of type A vortices change sign at r - 150 km (Fig. 2).

Only vortex pairs at small separation distances rotate in a cyclonic fashion

because they interact with positive shears. The motion of vortices in our

model can only be caused by the advection of vorticity, the shear in one vortex

can very much determine the movement of the other. These results indicate that

the mutual motion of two interacting nondivergent, barotropic vortex pair are

quite sensitive to the charateristics of the swirl winds.

In all the experiments illustrated in Fig. 3 the stnrm pairs drift apart,

there is no mutual attraction as observed in some interacting typhoons. This

suggests that the observed mutual attraction in typhoon pairs may be due to

5
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the divergence and/or convergence that is not included in the barotropic'

model. Indeed, complicated diabatic processes in tropical cyclone such as

long wave radiation, surface boundary layer effects and moist convection

generate convergent flow in lower troposphere and divergent flow in upper

troposphere. The irrotational component of the vortex circulation may be

responsible for the occurrence of the observed cyclonic rotation and mutual

attraction.

3. INTERACTIONS BETWEEN TROPICAL CYCLONE PAIRS

We have seen that nondivergent pairs do not cause a mutual motion

similar to the description of Fujiwhara. The observed Fujiwhara effects

may be due to dynamics that can only be resolved by a more complete model.

To see that, we will simulate the interactions between two diabatically

driven tropical cyclones with a three-dimensional model.

a. Three-dimensional Tropical Cyclone Model

The baroclinic model is identical to the one in Chang and Madala (1980)

and Chang (1982), except for parameterization of the latent heating. The

governing equations are in surface-pressure-weighted flux form for conser-

vation of momentum, temperature and water vapor. The normalized pressure

a - p/pa is the vertical coordinate, where p is the surface pressure. The

system is assumed hydrostatic. The bulk boundary layer parameterization is

based on a generalized similarity theory (Chang, 1981). The model has

51 x 51 horizontal grid points with seven sigma layers in the vertical. The

horizontal resolution if o in both the latitudinal and longtitudinal directions.

The east-west boundaries are cyclic. The boundary conditions at the north and

_south boundaries are such that the second derivatives of thermodynamic variables

6
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normal to the boundaries vanish. In addition, diffusion coefficients are

increased near the north and south boundaries to damp numerical noise there.

Kuo's parameterization was used in Chang and Madala (1980) and Chang

(1982), but a prescribed heating is applied in this model as done by Anthes

(1971) in a axisymnetric model. The heating rate here is defined as

* Wr
COS-) Sin7r(c-0,I)j , for r< R, 0.1 < C < 0.9

Q(r,oa)-..
(7)

e0, otherise

whore r is the distance between a grid point and the low pressure center,

and R - 300 km is the limit of the heating function. Two values of 6, 100 K day -1

and 200 K day- 1 , have been used in various numerical experiments to define the

weak and strong tropical cyclones, respectively. The vertical and horizontal

distributions of the heating pattern described in (7) are illustrated in Figs.4

and 5. The vertical heating distribution is similar to that of the differences

between temperatures in convective clouds (Tc) and the environment (T) in a

mean hurricane season sounding for the Gulf of Mexico as computed by a one-

dimensional cloud model (Anthes, 1977, Fig 4a). The horizontal heating dis-

tribution agrees with the mean rainfall rate inferred from satellite observa-

tion in a typhoon (Adler and Rogers, 1977), except for the observed smooth

fall-off at r > 300 kin. No effort is attempted to simulate the eye because

of the model horizontal resolution.

The heating prescribed by (7) nevertheless generates realistic circu-

lations for tropical cyclones. Figure 6 shows the radial distribution of

the quasi-steady wind speeds at the sixth (a = 0.85) and seventh (a - 0.965)

model layers after 24 h of heating with 200 K day- 1. The wind speeds

have a peak at r = 10 and decrease gradually outward without discontinuity

72
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at r - R - 300 km.

We note however that by using the prescribed heating in (7) the effects

* of the interaction between the two cyclones on the scale of the cumulus con-

vection cannot be adequately simulated. In reality the momentum field in

each storm, which affects the cumulus convection, can be modified by the

proximity of another storm. A change in the cumulus convection in each storm

may alter the storm's intensities, which can in turn affect the interaction

between the two tropical cyclones. But these feedbacks may be secondary and

* are only important when the separation of the two storms is small. As a pre-

liminary study, the more economical, prescribed heating is used to investigate

the first order effects in the interaction.

b. Experimental Design

The tropical cyclone pairs in all numerical experiments (Table 1) vith

* the 3D model are dynamically initialized by a 24h stationary heating at two

locations, i.e., by applying (7) at two fixed grid points for 24h. Dong and

Neumann (1982) found that in real cases when the separation distances are less

* than 11 degree of latitude, cyclonic rotation predominates. Therefore, the

two fixed grid points for the stationary heating are set ten degree longitude apart

in all experiments to ensure the occurrence of interaction. After the dynamic

initialization period, the heating patterns are allowed to follow the low

pressure centers. In Exps. 1-3 we simulate the Fujiwhara effects in zero

large scale winds on a constant-f plane for strong-strong (Exp. 1) weak-weak

*(Exp. 2) and strong-weak (Exp. 3) storm pairs. Exp. I and 3 are repeated in

Exp. 5 and 6 on a real variation of f. There is only one single tropical

cyclone in Exp. 4 to help isolate the effect of the beta-drift. Unlike on a

8

0]

* - .,;~-*~' ~~. . . . . .



4 1 4 "4. 0 M
4. 0A M.
$4 1 v 4 U "4

u0 0 W4. 0 7 .4 ~ "4U 4 U Ai
* 4. 0 00 0 0 0
4.a I Si1 0~
0 A w Ad0 0

a*-4 0. C 0 4 -

Si 0 0 0 c 0 CM

04 -1 -- 4C* .

e'.- "' e e 0 e ~



constant-f plane where geophysical orientation is not meaningful, the inter-

actions with real f for a weak (west)-strong (east) pair and strorg (west)-

weak (east) pair are quite different, as we shall see later, thus Exp. 7 is con-

ducted to study the latter situation.

c. Results on a Constant-f Plane

Fig. 7 shows the surface pressure field at 24, 48, 72, and 96h for Exp. 1.

The southward displacement of strm A (west) and the northward displacement of

storm B (east) at 24h indicate that their interaction has already caused the two storms

to begin to rotate cyclonically in spite of the stationary heating. The merging

of the two storms progresses with the merging of the outer isobars as observed

(Fig. 1). By 96h, only the 996 mb isobars show two separate low pressure centers.

The pressure at the center point of the model decreases by 10 mb while the approaching

of the two initiai low pressure centers between 24-96h can only account for a

pressure decrease of 2 mb. This indicates that the mutual rotation and merging

involve dynamics more complicated than merely advective processes.

Exp1 1-3 are integrated with a constant f. Therefore the orientation has

little meaning and the results are independent of the absolute initial positions

of the storms. Fig. 8 shows the trajectories of the storm centers in Exp. 1,

in which two strong model tropical cyclones are of the same strength. The

trajectories show that the two storms rotate about each other in a cyclonic

fashion before the coalescence at 102h. The two trajectories are symmetric

about the center of mass, which coincides with the center of the model domain.

Superimposed on the symmetric rotation is a convergence of the two tropical

cyclones. The distance between the two storms decreases from "1024 km at

24h to n-612 km at 96h. The symmetry remains until 102h when the two heating

10
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patterns overlap and one single large area of low pressure is formed.

Exp. 2 is identical to Exp. 1 except that the heating rate is reduced

by one half. The cyclonic trajectories (Fig. 9 ) are still remarkably symmetric

about the center of mass. Because of the weaker heating, two identificable

centers still exist at 120h when they are only 100 km apart. We note again

that at small separation distances feedbacks between cumulus convection and

the strom pair's interaction have been masked by the prescribed heating in

our model.

The speeds at which the two tropical cyclones in Exp. 1 and 2 rotate

around and approach each other are shown in Fig. 10. The tangential velocity

of the cyclonic rotation in Exp. 1 increases from I-3 m s-  at 24-36h to well

over 6 m s- 1 after 72h as the separation between the two tropical cyclones

becomes small. The rotation speeds in Exp. 2 are about 1 m s- 1 slower than

those in Exp. 1. However, the rate of convergence seems quite independent of V

the combined strength as indicated by the radial velocities in Fig. 10; The

faster rotations between stronger pairs are evident observationally at small

separation distances (Dong and Neumann, 1982). At larger separation distances,

this relationship is not clear because the observational data contains environ-

mental influences.

Fig. 11 shows the trajectories of the two storm center in Exp. 3, in

which the maximum heating rate is storm A is only half that of storm B. We

see that the two storms still rotate about each other cyclonically and that they

still move toward each other. However, the trajectories are asymmetric and

the weaker storm A moves much faster than the stronger storm B in a way similar

to that of a binary celestial system in which the two bodies have different masses.

The "mass" of a vortex is perhaps best expressed as the product of its mean

IL41
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angular velocity and the square of an effective radius wR2 . We will discuss

this further later. This type of interaction between storms of different in-

tensities has been observed between Typhoons Flossie and Grace in 1950 (Liu

and Wang, 1966). Instead of being stationary, the center of rotation moved

within a small area defined by the lines connecting the two storm centers at

different times as in Fig. 10.

Results in Exps. 1-3 demonstrate that on an f-plane with no large scale

wind, interactions between two tropical cyclones cause the two storms to ro-

tate cyclonically, to attract each other and to coalesce eventually.

In order to examine the momentum fields associated with the interaction

we transform the model 500 mb wind fields in Exp. I onto a polar grid with

respect to the center of the model domain. We now define the azimuthal mean

velocity as

2w-

* .. VmVPvv...... .. e... . ( 8)
27r z

0

where v, v, v are radial, tangential and vertical velocities on the polar
r z

* grid, and e is the azimuthal angle. Fig. 12 shows the mean vertical (upper),

tangential (middle), and radial (lower) velocities for Exp. 1 at 24, 48, 72,

and 96h. It is interesting that the mean momentum fields relative to the center

of domain shown here are similar to those in weak but intensifying tropical

disturbances (Hawkins and Rubsam, 1968). For example, at 24h there is a max-

imum mean tangential velocity of '4 m s- 1 at r "600 km and a minimum of

*"-2 m s- 1 at r"V400 km, reflecting the cyclonic wind fields about the two

storm centers. The maximum tangential velocity gradually increases to "%16 m s- 1

and moves toward the center to a radius "1350 km at 96h. The maximum inflow also

12
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develops from 2 m s- I at r "600 km at 24h to '4 m s- 1 at r "'350 km at 96h.

The evolution of the mean vertical velocity includes the increasing magni-

tude and contracting radii of maximum upward motion. The development of the

mean circulation is accompanied with the pressure decrease of 10 mb at the

domain midpoint from 24-96h, as discussed before.

The development of the azimuthal mean circulation can also be illus-

trated by comparing the kinetic energy (KE) of the mean velocity (KEM) and

the KE of the eddy velocity (KBE), where .2

1000 k=
KEM4 Of (r, ye) (_r, V_ rdrdE1l (9)

1000 km
KCEE -ffi (v, r ve- (v , v;) rdrde (10)

and (v- V,) e(vr, Ve) &r e (;e.)

As shown by Fig. 13, the KEE, which can mostly be attributed to the circu-

lations around the two centers, reaches a quasi-steady state after 36h. Mean-

while the KEK, representing the strength of the mean circulation as depicted

in Fig. 10 around the center of rotation, steadily increases until the coales-

cence of the two tropical cyclones. The ratio KEE/EM decreases from '63 at

24h to less than I at 96h.

These analyses suggest that a mean circulation relative to the center of

rotation develops due to the interaction of two tropical cyclones. This mean

13



circulation includes tangential, radial and vertical components resembling

those associated with tropical cyclones. It is therefore not surprising that

the trajectories of the two interacting storms are similar to the trajectories

in the hurricane boundary layer (e.g. Anthes 1982, Fig. 4.6). Compared with

the nondivergent, barotropic experiments in Section 2, it seems that the diabatic

heating in two storms plays a cruical role for the merging of the two storms.

In additional numerical experiments, the surface friction was suppressed

to test the frictional effects in the interaction. Results from these experiments

were nearly identical to those presented for Exps. 1-3. We also halved the coef-

ficients for the internal '.dissipation. For the same'given heating rates, the

interactions are nearly the same except for faster rotation rates, because the

model cyclones were stronger with less internal friction. Therefore, neither sur-

face nor internal friction seem to be criticAl processes in the interactions.

d. Relation of Mutual Rotation Rate to Bulk PArAmetprr of the System

The results presented so far indicate generally that the rate of the

mutual cyclonic rotation depends on the strength of the binary system and the

separation distance of the two interacting storms. Perhaps by relating some

extent parameters through laws governing solid body rotatio, a simple description

of the numerical results is attainable.

We now consider the rotation of the binary storms is similar to that of

a dumbbell The equation of motion for rotation states that the torque T acting

on the binary system is equal to the product of the rotational inertia of the

system I and the angular acceleration 6 with respect to the axis of rotation, i.e.

T- Il (12)

If we let R be an effective rlus of the storm and H be the scale height, the

14



mass of one storm can be approximated by PoITR2H. Because the radius of

the mutual rotation is about L/2, the rotational inertia

0 I o PO (R2 + P2) I L 2  (13)

Cr A RB (3

where p0 is a reference density and subscript A and B are pertinent for storms

A and B, respectively.

The torque is equal to the cross product of a force and radius of rotation.

The force involved in the interaction can be approximated by the advection, then

it can be scaled by po 2/L, where i is the velocity of the mean circulation

defined by (8). Because the mean circulation depends on the combined

strength of the two interacting cyclones, therefore V ccv A+ vB where v Aand vB

are the mean wind speed within the effective radius RA and RB , respectively.

Thus, the torque is proportional to

T rLH p (R2 + R) ( 1 )2 L(1)
0 A B (A + B(4

We note that the torque contains the dimension of the kinetic energy of the

two storms, which is ultimately related to the applied heating Q in our model.

0 Substituting (13) and (14) into (12) and dropping the over-bars, we get

(v A + VB)2 GL 2 '% fWL2  (15)

In above, f-1 is selected as the time scale, so that ) 1%, w/T A fW.

For our purposes of examining numerical results of a limited domain model

away from the equator where f remain nearly a constant, the selection of f-

as a time scale is justifiable.

15)
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W 2- (16)fL2

Relationship (16) states simply that the "

rate of the mutual rotation is proportional to the combined kinetic energy

of the two interacting tropical cyclone and inversly proportional to the square

of the separation distance. In addition, the displacement of one storm should

be inversely proportional to its size, because the radius of rotation is in-

versely proportional to the mass irpoR2 H.
00

In applying (16) to the numerical results, the mean wind speed within the

radius of the gale force wind (17 m s - 1) is used as vA and vB. Excluding data

when the separation distance is smaller than the sum of two radii of the gale

force, rotation rates of binary system at every 6h were compared with (v + V )2
A B

fL2 for Exps 1,2 and 3 (Fig. 14). It is clear the (16) is a good description

of the results Exp. 1-3. The rotation rates w and quantities v B)/fL

0 
A B

have a correlation coefficient of 0.81. Therefore, our numerical results can

to some extent be represented by surprisingly simple relationship (16).

It should be noted, however, that (16) is arrived through several simpli-

fying assumptions. These include approximating the mutual rotation of two vor-

tex in the atmosphere by using solid body mechanics and excluding the merging from

consideration. While (16) yields good correlation, it is only an approximation

of the rotation component of the interaction.

e. The Effects of Variation of the Coriolis Parameter

Exps. 4-7 were carried out with variable Coriolis parameter, which can

produce northwestward drifts of tropical cyclones in the northern hemisphere

(Adem, 1956; Anthes and Hoke, 1975; Madala and Piacsek, 1975). The velocity of

0 the drift depends on the latitude and the cyclone's circulation. To examine

the free drift of a single tropical cyclone in our model, we carried out Exp. 4.

As shown by trajectory C in Fig. 15, the model tropical cyclone has an initial

northward movement, but changes toward the northwest after 36h, similar to the -

results of Anthes and Hoke (1975). The 0-72h mean drift velocity is 1.18 m s- 1

16

"Q. "* *- V..-......-..".-......-......-.........-..-.. . .o . . •.



- toward the west and 1.37 m s- l toward the north. The center at 72h is ,,6.

to the west and 11,6.50 to the north of the initial position.

The latitudinal variation of the Coriolis parameter has a pronounced

S effect on the trajectories of the two interacting tropical cyclones. The tra-

Jectories of the two tropical cyclones with equal strength in Exp. 5 are

shown in Fig. 15. The two storms merge much faster than Exp. 1 due to the

* faster northwest drift of the storm located to the south. At 87h only one

large low pressure center is identifiable, while in Exp. 1, two low pressure

centers still existed at 96h (Fig. 7). Instead of rotating around the +

* point in Fig. 8 as in Exp. 1, storm A moves toward the southeast then quickly

turns toward the northeast, while storm B rapidly moves northwestward and ro-

tates cyclonically with respect to storm A. The two storms eventually merge

into one at 87h, with storm B haiing traveled a much larger distance from its

initial position than storm A. The relative trajectories of A and B with res-

pect to trajectory C (Exp. 4) are computed. The resultant relative trajectories

(not shown) are nearly the same as those in Exp. I (Fig. 3), indicating that

the trajectories A and B in Fig. 15 is nearly a linear combination of the trajec-

tories in Fig. 3 and the beta drift.

0 Exp. 6 is to be compared with Exp. 3, where storm A is weaker than storm B.

The trajectories of the storm centers in Exp. 6 (Fig. 16) again appear very

different from those in Exp. 3. The stronger storm B shows more noticeable

northwest drift than in Exp. 3. The weaker storm A rotates cyclonically toward

the southeast at a much reduced rate and with a smaller radius, apprently due

to the counteracting beta drift.

Most interesting is Exp. 7, in which storm A is stronger than storm B.

From 24 to 72h, the weaker storm B moves cyclonically relative to storm A.

17
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In the meantime storm A moves slowly toward the southwest nearly perpendicular

to and away from storm B. The trajectories take a strange turn after 72h be-

* cause the two storms now are close to the boundaries and start to influence each

other through the east-west boundaries because of the cyclic boundary conditions

there.

* The distictively different behavior between Exps. 5-7 can be explained by

examining schematically the vectors of forces upon each storm. We let the

northwest drift be proportional to the storm's intensity and size (Rossby, 1948;

* Adem, 1956) and the force due to the interaction be proportional to the combined

strength of the binary system but inversely proportional to the strength of indi-

vidual storm as discussed in Section 3c. Figure 17 shows the vectors and the

* resultant directions of movements for storm A at 24h of Exps. 5-7. In Exp. 5

both the beta drift and interaction (both the rotation and convergence are counted

for) are strong, the movement of the storm is mostly due south as- evident in

* Fig. 15. In Exp. 6, the beta drift is weaker but the interaction is the strongest,

the movement is nearly along the vector of the interaction. In Exp. 7, the beta

effect is strong while the-interaction is weak, results in a slow movrdent of

* the strom away from storm B.

4. SUMMARY

The interactions between two mesoscale cyclonic vortices in the absence

of large scale winds have been investigated with a nondivergent, barotropic model

and a three-dimensional model. Model results indicate that the interactions

between a nondivergent barotropic vortex pair are very different from those ob-

served between a tropical cyclone pai-, and that our three-dimensional simula-

tions agree with the observed Fujiwhara phenomenon.

18
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Two types of vortex pairs with various initial separation distances

have been tested with the nondivergent, harotropic model. No mutual attraction

is found in any of the cases tested. The curvature of the mutually induced ro-

tation depends on the radial profile of swirl winds (or vorticities) of each

vortex, the speed of mutually induced motion is a function of separation - the

closer the two vortices, the faster they move. This is quite understandable,

because in such a nondivergent barotropic model the two vortices can only inter-

act by advection. These numerical experiments suggest that the observed Fujiwhara

phenomenon is caused by a more complex mechanism than just vorticity advection.

Our simulations with a three-dimensional model reproduce observed Fujiwhara

effects. The trajectories of simulated strong-strong, weak-weak, and weak-strong

tropical cyclone:pairs on a constant-f plane all consist of cyclonic rotations

and mutual attractions. The rotation rate between two strong tropical cyclones

is generally faster than that between a weak pair. The rate of convergence of

a weak pair is not slower than that between a strong pair.

Additional analyses show that as the tropical cyclone pair start to interact,

there forms a mean circulation about the center of mass of the two storms as

the pressure there decreases more than can be expected by simple advective merging.

The development of the mean circulation, consisting of a cyclonic tangential flow

and a inward radial flow, resembles the circulation in weak but intensifying trop-

ical disturbances. The kinetic energy of this mean circulation grows by a factor of

four in 72h in one experiment, while the kinetic energy of the circulations asso-

ciated with individual tropical cyclone remains relatively unchanged. It suggests

that the development of a mean circulation on the vertical-radial plane relative

to the center of mass of the interacting storm pairs is crucial in generating

the cyclonic mutual rotation and merging.

A simple analysis points out that the displacement of one tropical

cyclone interacting with another is proportional to the combined strength of the

19
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vortex pair and inversely proportional to its own size and to the square

of the separation distance. Our model results fit this description well ex-

cept for cases when interacting storms become highly asymmetric about their

own centers.

The latitudinal variation of the Coriolis parameter (beta effect) has

a large influence on the trajectories of the interacting storm pairs. The

beta effect causes a northwest shift and a faster merging of the two tropical

cyclones of equal strength. The trajectories of two interacting tropical cyclones

of equal strength have a northwest drift superposed on the symmetrical tra-

jectories found on the constant-f plane. Observation studies showed that

typhoon pairs sometimes drifted away from each other if there were strong shears

in large scale flow (Liu and Wang, 1966; Dong and Neumann, 1982). This study

indicated that differential beta drifts can also cause the two interacting tropical

cyclones of different strength to diverge when the one initially located to the

west is stronger.

These findings should not be accepted without caution because of several

limitations of the numerical model. The model domain is perhaps too small for

two tropical cyclones. In addition, the horizontal resolution of o is only

marginal for resolving realistically the smaller scale dynamics near the center.

Being a uniform grid model, without decreasing the horizontal resolution, the

model domain cannot be expanded due to limited computing resources. The cyclic

boundary conditions created problems (as evident in Exp. 7) when two storms may

have interacted with each other through the east-west boundaries. Perhaps the

most serious limitation of our simulation is the heating prescribed a prior in

the three-dimensional simulations, which may have masked the interactions between

two adjacent tropical cyclones on the scale of cumulus convections. However, the

9 development of the mean circulation about the center of mass of the two tropical

20
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cyclones occurs at very early stage of the interaction when the separation is

still large. This suggests that the detailed characteristics of cumulus con-

vection in individual storm may not be important in setting up the cyclic ro-

tation and mutual attraction. The use of the prescribed heating was justifiable

except at small separations where the divergent-convergent pattern in each storm

may be modified due to the proximity of another one.

In future research, a parameterized convective heating should be utilized

to investigate the abovementioned secondary effect of the cumulus convection.

In addition, the parameterized heating may react to large scale winds in a non-

linear fashion. Therefore, the nonlinear effects of the large scale winds on the

interactions of two tropical cyclones also ought to be studied. The question of

what is the maximum separation distance for storm pair to interact is also left

for future studies when numerical models of tropical cyclone cover a larger

domain are constructed.

21
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FIGURES

Figure 1: Surface isobaric analyses at ooooZ on Sept. 15-20, 1964 showing the

rotation and merging of typhoons Kathy (K) and Marie (M). Isobars are plot-

ted every 3 mb. (From Liu and Wang, 1966).

Figure 2: The radial distribution of relative vorticity for type A (solid) and

type B vortex (dashed).

Figure 3: The trajectories of type A (solid lines) and type B (dashed lines)

vortices at separation distances of 300, 400, 600, and 1000 km. The cross
is the center of the domain. Time interval between two adjacent dots is 12h.
Squares denote the initial vortex centers.

Figure 4: The vertical distribution of heating used in the model plotted on
an arbitrary scale (solid), as compared with (Tc-T) for mean hurricane

* sounding produced by a one-dimensional cloud model (Anthes, 1977, Fig. 4).

Figure 5: The horizontal distribution of heating used in the model plotted
on an arbitrary scale (solid), as compared with the observed radial dis-
tribution of rainfall rate in a typhoon (Adler and Rodgers, 1977, Fig. 5).

Figure 6:. The radial distribution of the quasi-steady wind speeds in model
layer six (5 - 0.85) and seven (a - 0.963) generated by the stationary
prescribed heating.

Figure 7: The surface pressure field at 24, 48, 72, 84, and 96h. Contour
intervals are 4 mb, the outmost closed isobars are 1008 mb. Longtitudes
are arbitrarily set.

Figure 8: The trajectories of storm centers in Exp. 1. Numbers on the curve
denote times in hour.

Figure 9: As in Figure 8, except for Exp. 2.

Figure 10: The tangential and radial speeds of the two interacting tropical -
cyclones relative to their centers of mass in Expa. I and 2.

Figure 11: As in Fig. 8, except for Exp. 3.

Figure 12: The azimuthal mean radial (vr), tangential (ve), and vertical
velocity (w) of the wind fields relatives to the center of mass in
Exp. 1 at 24, 48, 72 and 96h.

Figure 13: The development of the kinetic energy of the "mean" flow (solid)
relative to the center of mass and the kinetic energy of the "eddy"
associated with the two storm centers (dashed) in Exp. 1.

Figure 14: The rotational rates w compared with (vA + vB) 2 /fL 2 .

25



Figure 15: The trajectories of the free drifting storm in Exp. 4 (Curve C)
and of the two interacting storms in Exp. 5 (Curves a and B).

Figure 16: As in Fig. 15 except for Exps. 6 (solid lines with dots) and 7

(solid lines with squares).

Figure 17: Vectors showing schematically the force .of interaction (I), beta
drift (D), and the resultant movement (M) for tropical cyclones A at
24h of Exps. 5, 6, and 7.

2.
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aN AXISYMMETRIC, NUMERICAL MODEL FOR

A NON-HYDROSTATIC BOUSSLNESQ OCEAN

1. GOVERNING EQUATIONS

The governing equations of the axisvnmmetric, non-

hydrostatic, Boussinesq ocean model are

u u U .u _:U- u
o* + '- + w - ¥ + fv -+ K

;t ; : r D0r H

0"

;-u-+ K ,-

y.- a+uv fu K --
wet re + -f o r s b a l i Apped i A.

r9

Av t ds a a b i defn + Ka 7ow K-t

ab + b b L a b 2 b
. W0 

+  + 7-b + K

where 7 + i other symbols are listed in Appendix A.; r2 r ;r'

Above, the density anomaly b is defined according to

b - r i-S

0 . 0

00 here r - ) is a reference density and is a function ¢f

depth only. Brunt-V"a*isdllK Frequency N- is efined as

N:
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2. THE MODEL GRID

It is determined that a fully stagered grid is most

expedient for storage economy for a given spatial resolution.

As shown in Fig. 1, the radial (u) and the tangential %V)

velocities are defined at cross points, vertical velocities

(w) are defined at open circle points, and the pressures (p)

and density anomalies (b) are defined at blackened dot points.
-4

This grid system has the following advantages:

a) it saves storage for a given spatial resolution

b) it is very economical in terms of number of

computational operations for the finite

difference (FD) equations of (1-1) to (1-4).

c) it is very easy to specify the boundary

conditions,

d) the pressure diagnostic equation, of the
-'0

elliptic type, can be reduced to the standard

form, and

e) there is no spatial separation of solutions

on the grid.

In order to consistently index the grid points, we

let index pair (ij) represent the i-th point in the6-
r-direction and j-th point in the :-direction. In addition,

m is the maximum number of points in the r-direction, and n,

the maximl, number of points in the :-direction. ree e

there are m x (n-l' points for radial and tangential

velocities, (m-1. x n ncints for .ertica veloz-:iieS. an.

im- x n-i oints ror mass distribu-icn and p
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3. THE FUME DIFFERENCE EQUATIONS

The leapfrog, or centered-in-time, integrationI

scheme for the inviscid terms and the forward-in-time

integration scheme for the viscous terms are used. The

scheme is described as

* ~ut

t+At t-LtI

* bt+t b t-t bt)

* t

11 Ht - 1(32
_____= ii~ (~~j~ i 11

0 bt+L bwhereb

i i . .4. -

0
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I b' The Equation of Motion in e-direction
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(Cl The Equation of Motion in :-direct-ion

tWc

'p where

G~ 0.25 4-u~ t: > -t
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(d) The Thermodvnamic Equation

t tab. . tu.
= 0.5 [(iiJ (b ~b>~ + (~~ 1 (b~ -b.

t
w.W.

11___ t t wi1+ 1  t
(L(b. -b i + (b b

t t -* 0.5 (w. +W .) N:ij+1 ii
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I 1 -T (bt +1~

(r)j.~bj ii

* ___ 0.____ C-A1 t- tb.5%t(rz1 1  i+Lrjl l ii
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4. DERIVATION OF THE DIAGNOSTIC EQUATION FOR PRESSURE

The nonhydrostatic pressure at time t is needed to

compute the pressure gradient forces in 3- 2) ana 3-3

To "recover" the pressure from the motion fields, ,e make

use of the continuity equation by differentiating --)

with time we get

.f. ...

"r at a- at

which can be written in finite difference form for a mass

point ii as
___-_ ___._ __ _ __ _Ui+li ui

1 j li+ (r 1
T-' i" f + (ri) i+f(Arl) 1

1 Ft = 0awt -i)1. ii ~ ti
~T Lat at

.. , 1
Let ci = (r.)i+ 1 I(rl ) i + ( r l ) i + l

and a. = (r I r 1)i'(r ) i +1 (Lr1 i

Substituting (3-2), (3-5) and (4-2) into (4-1), we have

'.10

•..

l, ,,. -. 'o . . . °. .. . . .. . .. .-. o . ° . ' ' ' -. °-", o. - . . -. - .... ... ..
.5'., , ,
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c.H ~ ~ I - -7

t - (p D -an

a.
* 1 ~ 1 1 t _ _ .

7:1 i(Lr=; +1 i-i i

( 1 1j ii - 1 =i-,

After some rearrangements, we get

c. a.

Si'-lj (Lr,)i pi-li

1)- (L* i - 1 i +

*i i + a ij3 +'i~ 1 ~ 1+1

___1 1 1

- %[-ciHt4 1 i + ai~ - 1 Gt +

Now le t-F~ RHS of (4-3),

4L



AX r . i_ .

U . . r . . ._

--

- -. 'I- .r , ,

a1  - il '

-A and

.%4 BB - x AX] C - rA: -

i4 Ai i ,

AX A: ) +BB c:p

ipi i Pi i2 jl 'i Xiii

Equation (4-5) can be solved numerically by the SEVP solver

(Madala, 1978), providing the boundary conditions are

properly posed.

The conditions for the four boundaries are determined

according to the -following assumptions:

,a, At (rill, 0, the natural condition or the

cylindrical coordinates calls for -a =0 = u,: =1 ,

the gradient balance recuires that -, = =. ,ere:cre

an extra column of P is neede--

"' Poi P
= p. 2

.°1



(b) At (rl: = , , assuminI both the hcri:ocnal

divergence and the vorticity are continuous, i.e. -r r -

r r :and 1 9vr
and.- r - 0. These lead to

0r

U. =bU b r U - (rl)m2Um-,* mi a mlj bL 1'n m m.
(4- -)

mi arrej bbL(rl)mlmli lm. Vn~i .

where ba rl)ml/rl)m , and

-
-:b b  L [(r1)m1 + ( r l ) m ; ( Ilr l ) m / 1 t r1) m2 (r.1) ml + ( r I ) m 2 4

,Note that if bb is set equal to :ero, (4-7) describes a

non-divergent and zero-vorticity boundary condition at

r = (rlm . Once Vmj is determined, a gradient balance at

r = (rlm requires

0o mj [r~m 1 = r m  miP-lj )

4.

or F .1
Pm n Pm-li + o(r 2 )m m ( *I + fr1)

where a column of dummy points p m has been introduced for

comnutational purcses. The second part ef the RHS cf 4-S,

0 tht us the orc>7 uncti-n at 'r : -,

enuation

13
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_C 'T t 'T . . .

At the bottom, wi t uszitutin

into the continuitv equation 5-1, we 5e,

r r
- - " 1 -* 1 i1

" )tt
- i1 i

=

%;"

Following the same deduction between (4-1) and (4-5, we get

an expression similar to (4-5) with the second team on the

LHS and G. in the RHS absent. Thus, P I car. be obtained A

by the same SEVP solver by setting C 1  0 and G 0.

(d) At top w. =a/;t wi 0. Following the same linei n4 in "
of reasoning as in (c), we obtain Pin by solving (4-5) with a

C-n Pin+l = 0 and G in . 0.

In summary, the elliptic pressure diagnostic equa-

tion (4-4) is to be solved with the following boundary ft

conditions

1.) At r = 0 Poj P i.e., (4-6)

2) At r ar) m  Pmj - m-l function (Vmj) (4-S)

3) At = 0 A: = 0 and C. = 0

4) At = _, 0 and G. 0n n in

14
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LIST OF SYMBOLS

AX. an array of constants, varying only in r-direction,

defined by (4-4),used in (4-5)

A: an array of constants, varying only in :-direction

defined by (4-4),used in (4-5)

a an array of constants related to r and 6rI used in

(4-2) -

BB.. an array of constants, used in (4-5)

b density anomalies, defined in (1-5), cm s

CXi  an array of constants, varying only in r-direction,

defined by (4-4),used in (4-5)

C- an array of constants, varying only in z-direction, .

defined by (4-4), used in (4-5)

c an array of constants, related to rI and Arl, used

in (4-5)

Coriolis parameter, s

9 gravitational acceleration, cm s

i an index, denoting i-th point in r-direction

i an index, denoting j-th point in z-direction

KH horizontal diffusion coefficient, cm s
2-i

K- vertical diffusion coefticient, cm S

SLH left hand Side

the maximum number of grid rein i - t

upper bound or* '4

15
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m 1 i

N- 3runt-V~isd frequency, s

n the maximum number of grid points in :-direction,

upper bound of J
n I  n-i

n. n-2

-2
p pressure, dyne cm

RHS right hand side

r radius, cm

r 1 radii of momentum points, cm

r., radii of mass points, cm

LrI  distance between two hori-ontally adjacent momentum

points, cm
Ar, distance between two hori:ontally adjacent mass

points, cm

SEVP stabilized error vector propagation

t time, s

Lt time interval, s

u radial velocity, cm s
4* -%

v tangential velocity, cm s'

w vertical velocity, cm s

height from ocean bottom, .cm

heiahts of circle points, cm

-heihts of cross and dot points, cm

'1

o 16
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W. i-

distance between two verticaliv adiacent circle

points, cm

distance between two vertically adjacent cross cr

dot points

-3
density, g cm

a constant density, I g cmIO 4r a reference density, varying only in :-direction,

g cm
*1

O

0

0

1 1

F.
®1

'p. q
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APPENDIX A - FORTRAN CODE FOR THE NON-HYDROSTATIC MODEL

A listing of FORT'R.\ code of the ocean model. The

major functions of the main program and subroutines are as

follows:

OCEAN main program, calls all subroutines, manages

job flow, controls input/output.

INIT sets up independent variables, defines con-

stants

START defines initial conditions

PUTOUT gets various fields ready for output

*MAP prints

ADVECT computes all inviscous terms, except for the

pressure gradient forces

DIFF computes horizontal and vertical diffusions

PRESS solves the pressure diagnostic equations and

computes the pressure gradient forces, appears

only in the non-hydrostatic version

ALkTINV inverts matrices )
BSMl Used in SEVP method
BSM 2
B S,15

FRWRD matches forward

BOUNDV sets outer boundary conditions for momentum

CHECK checks if the time step is linear>y 5table.

19
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APPENDIX B - FORTRAN CODE FOR THE HYDROSTATIC MODEL
.1

The hydrostatic version of the model can be ob:aine-

by simplifying the non-hydrostatic version. in the hydro-

static version, the equation of motion in :-direction (-3-

is reduced to the hydrostatic equation

1 ip( = b "B-1)

Instead of solving the elliptic equation (4-5), the pressure

p is thus obtainable by vertically integrating (B-1). The

vertical velocity w can also be computed by vertically inte-

grating the continuity equation (1-7).

The FD forms of (B-i) and (l-7) are, respectively,

0 . 5 P ( (Bt + Bitil, (B-2"Pij = Pij-i " . o A r)i ( ij ii- "-1

(rU t (rB-,

w =w.. (rl~i~l Ui.l. '  "(rl-i u..iJ + :

0.5 (Arl)i I(rl)i+ 1  +(rl)il

II
w!

4

qm

20
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PO

CARD 1'AGE FILE EprITooCIFE") *.vER5zS 05.24 DA'E10ol61e2 T~wEslai1ptilt9o

2. PAAmLTEWd 00ul,.l 0002000
3v PARAUITEN COM ~U~,41hlm.l0U3000

I. CXIMET ATIh0AACitaAA310 00115000

fie 6 0016000

13. CMPfhFCRDELTw7!WC. IIMI.ZSTEP.ZS0g. ?TAPE,TiV 0013000
144 CALL £hDU"P 001400C

160 10 PIIVES0ZJ0ITv000
io EAv(S'Ioo)flEQ 0100

Cs RAL IC)I WSWT

its E00090)IAPIoodlooO

a* CALL SIIT 0092000

IT"II74!30o 00)0000 ITGAT(NFRPAM1TIY AEGos
20C 00934041

lo oCALL START? 00)89000

?'Z1R.fla)C~ 0g31000

30. C CPI-106 %LL IVISO FIELS 001200
39. C 0413000
344 CALL "DTGCT 0014000

* 81 C 0037000
Lilt C CP'PT1 AL VISC TES 0018lO00

396 C0039000
Jlt CALL ADVECT ociooo
al MIC 00411000
gat C ACPT VISOU T0 IL EGRAN OCS' ThECE 00100C

us. C 400.000
age CALL 'lESS 00.000

* 0 C 0010000
46. C 'ACuIAC POE33LOE GAINFOCST ErkE 0016000
470 C DIAG NE SEP-ER THS PRESSURE IF 5 TISELD 0010000
53.* C 0013000

so* CALL PRESS 0040006
Ml0 C '(~E.Gl.ItIIEE.WL3.0L oece
Sit C m&CIGI IE001000C
50. C FIS E USE 1A3E rP-1I VSOCTR 5CL! 00%2000

.3. CC 0053000

SO CALL Ou"CV 0000000
560 x7?(I

T
EPELt. .11E..DELB.ET 00%0C00

170 C 00el~ooC
is. C WINE 41UORSL L11 Ev ORm ELOCTY coOsooo
Sot C 0059000
68s CAL ("OUSNDV )E. CLL*J0I 0060000
71. C 000000
72. C ChiE% ifs~' %T1TA Ey A.STS0o2C

73. C ALCMC 007300C

70* I'c"OCISE'?PEI"E/3&). AT() NT10 ZD 00ibooc

70.* ST 006900C

716 C~ Oo?TlC-

75 4C CoN ..N .* WSW

-6 z3 y&ePL 007co



CARD IM&GE 1 6z9 EoIY80Q(CIEk-) VEDVI vcs % o.2 Oa'131u..el ?'-Esaalla0t

3. SP0'LTI%E 11', GocICoc

3. pm*.~i. ~00u33co0

ce~oi'om ~~.oL,).qV2C%3 fA666A ONO&# 9%04 CONI #4,0w (M)#ZKC') 0008000
Of. C t

4
FODP63,ELY ,XTt" y~1 I?3Ev ISEP, 13090 o ?APE.?S Ocooc00o0

lot PARAMtTER P*,PP* 001000
Its PAAmETEP w;hL3hL. 001 1000 W
lie O&ANEMTER ;wP M.IMPI4. @poollhssh. 0012000
13. REAL9a*0,3t&4,,?Ll 0013000

1b. 1 1E'OL)4 I C*jFt%(mv) orl (hp) oplwsc~p)7.6Kp ) NAYCP). f 00100o
17.e 3 fIcWpdvh4)vcxcmo).cy(P) 0017000
IS* C 0019000
tq* C INITIALIZE AL.L DEPE4uY3EhT VAaII AM. Cf~h4s~w7S 0014000

ate C 0041000
ai' C £1PI-A 13 7.41 hN ?.4C'NSZNAL U'8l'?'.1hg C6Er. @0l0c
a3e C FpQ IPIE spome41NG 1% SUOmouTIE fa.00 00013004
14* C O0idtWoC
29 11 cLLT8900. 06411000

Guma. AONA6g, 4000
are COG20408 h.eZNL?..454,o 0044,000

30. C 0030000
*131. C WINEh NA0?? At GRID POINTS8 AN0 ALL 6010 INTERVALS ooo
'V31. C o-ao

33* p 1011111010o33fl00
39. lQrII)m.uE 0015000

368. f rP 410 I11a" oglecoc
3?. 20 l1UI.t.'h. 0017000
38. 0' 30 late"[ 0014000

34* 30 061400

ate 0041000

43#1 0"4 Il4 0043000
as* 'a 0f)'l?.u. 0043000
as* C M&Ue*CI)0049000
.1. C CMIOIMw 0aitooo

47.* C Ok1rth! ALL MZ'S 004700
gom. C 004000
a* gte 'IV Ig O 33 ,P. 004000
Joe Inc lCJ3Jt)Uo ua~@Cco
sit .1' tic' Iat.*.l e051~0

54. 61~lSOl, colmscoo
55* go lag ju1,kI fImissCuo

qf* OZ2(J)*O.5(ZuJ)*czIcj.u)) 006flC

14* C .AXGU**Af(0ZI) 0OuVoco
*O* C OZSAKU021CS.*z1 0060000
Ole C 0031000
6lt C FF2h1 CIN5?ah'S 743 SEWS 5!'VE4 00sIcC
.36 C 00000c
*a* bl(1330 006maC
(AS@ CXR"Puo. o0,10co
a&* - £?I)SO. 00040C
676 cv'40180. loi?000

71. *b S~ 007 1 0C

73,2*~) 00 72co.
1411 po 71 JU1,NP 00 74000
71. no 70 la1,'' 0071000

77. %S ZEsh I 04L e-C IN I 0077000
J76. V' 60 %fbsI,NqLKI 0015000

74* 40%plz h5i(keU).3 121 00,000

22



CARD IMAGE FILE ECISPCEw) . VEQS10k 05.29 DATEa311i/li !~t~1~l

$at~~ ~ ~ C AD b ARE CflNSTAN? USED 10 SUSIRLZhl eelv 0020

83a C rea C0.5 AN7 njV* AIC V47. CeDOTletgj6co

67. C .00 0069000
so. p- ooeooo

69. C WIINE DENISITY RELATED COkSTAAIT5 0009000
90. C 0090000

Olem1 0ooo
lit 0A 130 Jai,% 0042000

: 93. Ile OVlCJ)aI.E.6 0OV30no
90. IN V90. 00941000

131 135 J'1eAI(9V@2(~ 0046000
974 10VmI*/SAZIC18v )J 0047000
9740 7!3.5Q7? 0040000

*99. C WeINE I-OZ20NTAL AND VERTICAL DFFLSIIAI CSEPUIENTS 0049040
1004 C 0100000
lat C101'88*"1I *1DL 01900
lea. C0['ZUo.o6I*'0222J..1101LT 012000
103' op 110 Itlf" 0203000
lo0e 140pN13SPoI.*IPwLAwIT/, 010000
lose Do IS0 JalNI 0205000

1071 RETURN 0107000
tolls ENC 0 106000
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6. 5~fOh 79 0006000

3 P PA QA1tra M1Mlow I *Now 1 *141 Ut 0003000

Jo5,II'S13 I v (C%t ) '07&(Nn1),lls1e3M1 v'(.1) 0010000

12* 2 ZCj,3w,.I 9 (i 9 l 000*000

12* El3VLIC C01* INITALIZ "0aAS FILDSFdAToO LZN 0011000
14* C 00 14000

I jb* 12813001700
ia. I1I~~ 001700

Joe 01AG@0000fl1 0019000
at* no to 1U121.J23 00.10000
11' 10 41 (1, h I)OU0AGCPS(FLO AT (1-11) /P.9.101sq3.G/SN~j 0091800
Rat US 30 1*11,2.l OOdlooo
233 30 inC,1Utl*~3E~P~?!l2i43oodaoo

F5 ACT8LPFLATCji-1.)-.j5*2co
3*' o 40 iajM2 0096000

Go. 49 (Ivj)s81(?.'41)*FAC? oodl0oO
as. C 009go00a,. C OP-9111lt 18 OBTA1IED in.CN11TAIALLY F40~ BUOYAN'CY oogsoo

430* C 00000

32. So ?ui0i gijco

33. D 00 soJaa.N 0013000
34. col 60 JU1*"I 00J400

-1435' 604 IJU(Jt)g50N*Z(3(1.)lC,.3 0031000
3*. C o~jcoSo
37. C ?a'NGETIAL VEL!CITY 1S IN GRADIENT PALA.Cf -114 "ASS 0037000
lea C 0016000

39*7 l Jal.d4 oojqnoc

-. *do 11.1 0045000
:so 1FC"ArL?.o.)Cd Tr 100omsc
1* 70V2(.).~5CP1A I.O~mC 004*000
a?. C 0047000

486 C SF? DAAla0AA2 Fm@ LEAPWOOG 0046000
469a C ogao000

St. to0 AT~j(23dflATA2 C) 0051000

32* CAL.L INLNOd 00,3200
53. 04 90 18t,Nn 0023000
548 qo CI6?AM0)ODAA1I) C00
Is* qcTU04 0015000
15., log POINT Jl0.IJJ ,PGPpR*0 0416000

37 M mO"AW( S~nICAL IN SWSOLINE 37*67 13 NEGATIVE AT C? .).'1jS 2017000

* 9. 5780 6Qsqo*0
60t END 0060000

..
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2. PAbrAmLTE.; 18u21,s~ polOOZOOC.
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109 c LATEGAL eL%rmAYv FMQ TANGEN~TIAL khr RADIAL VELIC:T!ES 0010000
I I C ASSUPING C--1T!NUf'US varTICIY AldI) rIVEUGENCE a01 f
126 C 00 lavoc
1 3,h CM 10 J2I.Nj 0 13 v 0
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10. sIUE'Y 0016000

170 END0017000
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$to C VU-?ZCAL OIFFSIM*N IF VERTICAL VELCIT 0006000
87a C 0007000
as* F) ISO JS,~ 00"6000
00. DPo SO t81"1 0089000
g0. Ise VZ3(I.j)UVZ3Ul.J),ZKCj)*( CVZ(IJ.1).Vz(1,JI)iCODl (3) 0090000

91* 1 *V(,J).vz(ljJt))IaZ1 Jl.)"DZ2tJ) 00OV10CC
91. C 00oZo~c
93. C VE.TCAL C0178 1ZN~ OF e 004300C

95. ro 10 Jmp.N2 004500O
460 163 I 181a111 C096000
47* The31JU31J.Z()(~ XJ1-eIJ302... 0047000

r~ 10 !a,'l 00900C

go* rl In~ Iml,"t 0 01000

103. REVuRN 0103000
1046 END 0108000



*CARD IxAGI P !L . ECT- ..I~ VERq5ek 05.2q CATtQto2b,#2 7:MCB1a,12112zq

le SLrM3UTINE fw-P 1  0001000

3: OA'I-TEQ GUl~31002ccc

CC 00 00

Soe C ooSoooc
I* I *ELC DAIA It) T'(A'E vAIS 00110 0 0

110 C 0010000

140 10 O?34UlTAI-E t)...e* ?13( 0010000
IS& C0013000

166 C F"VTTP1m0)N~)mT 1 0016000
176 OrML(STPI~,.EeG intn, 0018000

1S* 20 DATA211)uO*?h201).(061A1 dI).UATA3(Z).2.*OATAIC).*ALP~dA 0016000
14* 30 CIIl.ut 0049000
ale C flodOOOO
21' C 'uh*AQD ARCOVG ooaiooo
lat* C 00d2o0

%23s ao .0 1610~0 00d30oo
afis 4mn AtAL(j)m0~ATA2(j) O0gi4000

20. to !rhA2(1)uaf)T&31) 004600C
57. C cod7000
26. C Zke It. OAfA3 FOJ NEXT STEP 0098000

300 CM~ 00 I01.Nv 0010000
31. 60 MhT*3CI)00. oCS 1000
32. WOTOi 00 O00
33. F1 0031000

J._S



set 1Mo"E' COECC

1' S~1'~l.'~!C'0001 coc
Ji P&iNAmt T I b422lkl I Ka oOUocc

* 3. P&UAMT~bi -Is-.le1 21A.l~~. 00030cc

at CR-Oi4~ VWZ3(0,ki ),VTI ,%I 3,PZ("INI O OOOC

0. C!--e,'#FeC.LYT~xI'l .171E4ISEPI3f",ITP.,0V 000800c
qS CIeLN31M.SIr%,C~(d 0009000

lit DR 2u 331*I CO11000 1

* I' 0 2QwARKl1I)x0a2(T),AXK1C. vR2?,rJ)) 001200c
1 3a lw34'q 'AG l'1t I ). 00101

IS* D~vAmNIl(flT.ELT) OcIsoac
1b. IQ CON.TINUE 0016000

DC9JO 0 gM @am 017000
le D 30 JNIN 0018000

19* fR.0PK(J)Sflz2cj),A',Axl(t.,VZ2(ltj)I 0019000
10* "INhfMIN0AGCC0PK).t Codoollo

Ile ~ a~e~l(IN)*.G odlooo

*3 4 COTaIUE yoi:L

i* IF(OT.GE.CEL)Qf7LRh ~SO
2b. DEL?30.?5,OEL? ogOO

a? RINT 100rOELT 0097000
28* 100 13NI/,iI..*.EI CMANGED 76'.IPEII.28, S.........') coliso@C
29* RETURN 0010000
lot EN 0010000

q2

%



V..- , !a oda 
ul a

END 00i000C
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CARD IMAGE PILE ECC!700CIFEW) *.VERS18 05.aq DA'[.10/2608 TE1s2:lo

*a* MEMBER~ ADVEC7

is C UR'?~ ~~ 0002000
30 C CO PLTE T14E ADVECTIVE TERM~S 0003000 -

*0 SC 040000
so PA3ASETER moz8t,~sgl *Cuso@
0 PARAMETER mt1l 08040,h lo.. 1 'N80042 000000
7. 0 0 ~#NR P1)V1pi~,Z u,~I M,~)V2.%) 000700

lit DIMENSION y(h )V(il),(1.,6
8
11 00120001

13. EDGrVALENCE CVA,VSi),(VT1 V?2),CVZ,VZ11,CSIl) 0013000
IS. C 901000
1S' C MOiIZONT*L ACVECI?6IE FOR RADIAL VELOCITY 0015000
10 C 0010000
17. 61 JUI.NI 0017000
Joe 06 in 182,01 @020000

its I *VR(1,Ij)*RIJ)CIZ1J3v(,1jRC~ 0081000

2211 C 0012000
a36 C NO0lthL ADVECTI5N FOR 7AkGENTIAL VELOCITY 0093000
240 C % 009400
as* C!, anI Julkid 0025000

260 v 20 12'"100,1000

30. 2Cv~lj 009000

314 C "0SZ0N7AL AOVECZ0% FOR VERTICAL VELOCITY 001000
32 31C colao
33' ork 30 J~al.NI 0033000

34 0 30 182,420380
SS 0 VZ3(I.J)S:0.2l5.URCIJ;VCIJ-1))CVZ(ZJ):VZCI-ti;) ) pga() 001Q*Q

36* 100000
37* 2 VZ3CJ.J) 0037000
38' Do 4() JaiNI 0016000

0. 1 *v13(I,J2 occ
It De. s o jaaNl 601000

4a.s OvZC1Jso.sr~~ So.VCl,. ")(Z0,)VCl4)R2(pl) 00812000
Las. 1 *vZ3tmoj) 003000

:0 C 0060000
aS. C 'HUIIZONYAL At VECT?0h FOR BuO~TAPCY oouso0o
41I* COiOO
a70 6~E0 J81fNI 004700c

:ft Ce 60 122t#42 0066000
60. 6c S~IJ~0(,)05(R,)((.)VlI.)/~C)004000

51. Ce 70 Jsl.'41 00111000

53* DLC RD 331041 0053000

55. C 00559000
50' C * VEO.TICAL brVECTIfth F"A RADIAL VELOCITY 0056000
5?. C 005,000
Set Ve 90 JGZ,N2 0056000

600 90 v13C1,J).V13(I.j)o..1I( (VZCI.1,J).VZC?.J)).CVS(I,J1.Vr fI.3*1)) 0000000
610 1 JO2lCJ).(VZCZJ.I .VzCIl.tJ.1) 3.CVRCI.J.1).VRClj,)) 0061000
fiat 2 /nZ2tj.I)) 00icooC
6)m CA QS jo~m c013000

*Q* Q!0004000
85' 1 /CZ2(2) iso
08' t. P* 90 2,41 00600

be* - I/nZ2(N ) o0060CC
64t C 0000000
70# C VE471CAL LCVECTXMN FAR TANGENTlAL vEL!CCy 0000CC
71' C c:71OOC
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CAIRO S2.AGk PILE EczeorcFEl,) VFRsle% asq,0 CATEaSSO/26.ae

set 't'-SE ACVtCT

720 jza~0 a 007100073* lu 18'2u,-1 
0073000

74 100 :;~.)0tvz'2v(I1,., 0077000

76t 20 /!t~zlc?)" *-. .VC l2. T(
al.70 13.I,) )m182'"1aozu41.z:..ac~(.~,.,Zl 0001000

?go cD22 
0003000

e I* .c TCIN 
0001000

62. 2C J?.2 20000#39 2. ui 0007000$a tlS. UECl$ O VERICA zlIJvl(D)n2cczIJt*zJ).VEOCZJI tIJ 0006000
e 2 :1 140 CVcJ6,2,441).cz:,j~)~z

1 1 ) 006000

02' 1 
00,1000040 2 VI*!CL *VEtlo FP 00*10000031. C 
0043000

q~ C5)J?, 
00'eo00094 05. C 2521 JS.2i 
r'0,460 st. c, CI.JUPCJso5vfzJ.e.2ecJ

2 
181'"1cJ 00%e000o

07. *vZ(Ij*(IJ2 jcc? l.).oAcI.j3 hmcOC2j.) 0047000got 7-010 ta'.2 
004e000goo lee11 831 I)u5V(,)(l(..IIL~Oii 0049000200' F- 17'j hsw.-I 0200000

120 C 02 olo103. C INEItA TERMS FOR IORIZONdAL NMIAENtUP 0103000

10 * tic 21022,l 021 WOO

los I0to2 V?3CIeJ)sVT3(Z,j.'VACI.J,.(VTC
1*j),uI Ct).lC0mI 0100000

logo, C 
02900Me0 C *LOV*'.CY TERN FmR VERTICAL ACeELERA71O34 0210000

112, C 011 100Ila* DO %in Jj,ki 01 120004113e Dila 181001.' 0113000
-110* 120 oZ3cI.J)uvz3cI,j)o..G.(P~l,j).0Clj.

1 )) 0210000
its* C 0115000260 C 37k164iFICATI'lh TERN 021o0001127 C 

111700
Ilse ce 130 Juj,Nt 02114000*110 .1 130 XIn."t 0120000
180* 130 !3.S3IJ..*~0,)*lJ*2IJl)ElJ1)OldoOOO
lat R1' ETUR 01,9100

0..11148c Acv9C7 ADDED 'M 50 o3CC 122 RECORDS
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CARD I"bGt FILE ECVI -RCIFEN) ** E0SI'I 05,R4 OAYE1012uS6.4elo12i~o

I* SQORBUT!NP TL 0100

A. v3(! ..~e~wl~az),c.1hl,0003000

60 
0010000

It907I CSUS00UI'ETIIEoylEoE * o1N? OUT FELv3AOvLO 00000C
Ile C 0010000

13* 1ML'31~. I'U'f'~h)0013000
14I6 7 tk0 F~k.6AI111.1. 5 I-ACIAL VELOCITY CCUS) 47 1,b. 001400
ISO 7 1 FORID.4jd,4.o lAIGE'.TIAL VEL1!CZTY (CC'S) AT ?u.I,6 , 00):5000o160 71c FOUAAP4AI i,u,, V~fTICAL VELCITY CCiS A? In',Zl' I oil 001000176 ?IS Ft"P"AICijt01#1 OLCYA&NCY FIELD (t.001) At 790,16,' .*1) 00170001$* 725 F"0"41

1 //*Io P55tSOLRE (*t0 (7YVNE/Cml*l2) At TI"Im',I~o' 1-1) 0016000lot 72C mAc,.*,j 1 e,~,,* OLA'U? A? TIME elpAl, w go,# 0013000
200 1 ps,20l 04Y ISTIP 81017, 0*'****00'10goo21*KiE'Af0.~.0 -oodlooc
Rae P014T 72Gv.ZTZ4E.DA'~IEP 

0092000

D5OI 10C1,JmlIJ oonoc
2b. PRIN 700 p I T cogecoc*CO

I?* ALL"AP Zr)J~vj #Z vPvkI0097000
a$* C"~ 20 J1ri, 009LIO00
30. 20 ?OUmCIJ)vVY2I,J) 004000031* POINJT 705.i'Z*E 

ou3ilooo* 31' CALL 004000~.).2,.hi cho334 01 30 u Ja'k 0013000
3Isa 3 u1U. 001000
36* 0P

1
1 71oI7r"E 0016b00037. CALL 0P(ntb.1,l,0 oJ 0o

ait CALL APTI,2ZINA~ 0092000as* D!~ 5u J111,sa fl0'3000

464 3.1 2,Tf 00 4lA CO076 CALL NP1..R~2~,~,1070
as* WE TU5" '0UN03. E'.o 00"Oc 0
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LPAG& FILL ..~o(IPk v~Dgpyp. 11.2o DC&T~mhj/Ze,a2 ~ E~t~,

10 SUPO0LT?%F 'AD(AhL,'% a to~C
a. PADA-E?Ei ma2l.,&vi 0002000

0' D01S
4
11 9(w")7Z.t) 0003000

Io kiEtk IS 01 0COM00

7 0 F "I" AT( I .7X,2s I!) Douoft

70 ~ V~~U COU7000
0 In 181,'0 flocsoco

9. to !e(Z)8QC1)oI E., *r 1 0 00400 0
10* p 20 jeUIN 0010000

120 PRIT
4 

70 001?000
30 PRINT~ 7G,(ICI(),~m.11  0013000
144 PRINT 7C 0019000O
15* 00, 3n JJmI.1jd 0015,000

.4The Jahh4.1ujj 00 IbOC0
17 30 PRINT 60#IZZJ).(A(Ipj),Zsle"P) 0017000
Is* REUO 0013800

E 09 0019000

on

.04

.4

.34

I L



CAOD INAGE FILE Ec!yocCZ'V*) *.v~m51, 0Z -ATE I ol2etpi

I. StOAOLTINO. PaS ool 000

2. C 
tlou2oe

3. C 7.1S SL ApL?'I&.E HE7S v EUCING pW#,Cyjek AN poIJnruvoouscfoc

~C C~kDITI" tS FAR TOEf POESSLUE DIAGN!STIC EtA.*TCe' FRO Seoouooo

6* PkAsiA* &431,pmil
P7. P*AML TE~ Rl S,2Ul, t.. 1,2xW.i 0007000

elk PA4LT.?0 NA'L~s~vkULK1UNHLK.1 oCopcoo

10 qMIPvf%.#Q voC, tl ),v2WI .143,82C'lN ('0)O91C4,1.' 2 001 1000

11 1' . 001000co
120 C 0012000
130 .. O 1 f 1 (. . t 1 15 ?(" S1Z v PF I Z2C F 0 & Z2t 013000

17. C 0PuwI~iPfffw1.NbL9- 0017000
Lee C' 0018000c

act AUMY~ ~Ml.U6 0019000

21. C"'"JEV # ~ P2,NL 91N (PP2 r P2 v NUL 91)PC 50("P 3) ogdlooo
Jae I T7ILL A (0102) pF (4PvhP) rNA5SIZ2ChSLK) * 1S (NPLw),SL"F C%GLK1 , 00492000
23. 2 ftgcthflvs wI I MP OF lw,3, F21 CNP,,OF2'(NPsAX COOP) @ATCNP)r '093000
a". 3 p6(4- , P I CX (0) CV00) 06496000

60 EqIALt rusy,RiSovC1 , II N ) 0046000
27' **RAmEYER FMPidP*P.PP ood,@00

a0. DATA "CALLM,. ooggooc
30. C t15122 ILPOESEN7S N.UOIRR OF PN'E'IfI GPIC POINTS 1t. EACH~ BLOCK IN XO.00000000
31& C NJ QEPRES~hS NUmgf& ef IKYIUYOP GRID POINTS IN. V&DRECTI1t. 0031000

*32. C N11LE REPPLUNTSt NUNMER OF ULeCKS IN XoCIRtCI~h 0032000
330 C 704E VAANLES LI~I.A 2tpAZ2i TAKES THE VALUE 0 FfIR OIRICOLET B.C. 0033000
34e C AND I FBI' NEUMANN LOCO AT THEIR RESPECTIVE BOUNDARIES All CORROND001IOOO
3S. C Jet At' To JOIN &it T" let Al"4 70 too' cosooo
30. C 80AUNDOS CONDITIOS*~ ARE 0016000
37* C I11UII .C.t.l'II).1 3 0037000
360 C XCItj)UC1.ht').ICI,NPj4AlN.(! CI NPwt )*F NCI3 I 90160Co

3ct C 11Ju.*1.C.)01CC,)FCJ 000000

4 61at NCALLSNCALL4I 010
41i9 C 009200o
43' C DtFINE TOE F80CI*jG FUNCTION OF THE ELLIPTIC EGUATION 0063000
66. C 0044000
450 00! 10 JUINpp2 40061000
Of*s OTT to IvI'wP2 64409

47* to 07000

as* C 0048000

SO*0 C SET LP A% INITIAL GUESS 000000
Sit C 0015000
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.7-7

53' r! 20 Jml.#.pa 0053000
S' a 20i 0lt,0 040550 a o0C,550o0

so* I CININUF0011600057* CALL ZILC14(91,..; 005,000Sam CALL ZILChN(P1%DlPJ 0058acc'.4 5 CALL M1CNCF21otNF, 0059000
*00 C 0060000

*a* c 15 GRAIACENT BALANCE At OVER BOUNDOl o0&a000
63*0 0003 0 00o4'.*t V, 605 J82,1191 0064000

60 609 C'101Z".UE 004*000676 A1151 00000
*at 0. AItt 00ia60c

70' £3i'3t I Oooooo
714 001*)OOlJa top )'.li 0071000Of
73. 6,IPlj.ki.l J.~ 0073000
740 v~hiJ)*ttl.O-A21 )'3tfJ) 0078000

77e g(Wp FJ)m~ 0.QA21-)fvCP,J) 001,000
70t 10t CqoTP4LE 0016000740 Do lea T21P 0079000
60* .2S6I2. Cl.? 006000

63. ~ (L~P~l)a~(I.~.I .c~cm.Iap ~0003000

Bt Ica10 C(1%TINuE 0064000670 I'C4CALL.EQ.t)CALL 03"1 006700060* Ew041f-e3 00060004q& CALL IlXEDql.h.1£w 00419000

01' C CFPINE 11-E nAG'!Ef% *01SURE 00*100002. C 0 04i a0 003. * Ift11 J2111.1 00430009. 4. CA 110 Int'"I 0041000
05* 11tlo JU(.IJ, 0045000

466- it!00460j0
97* C 0047000
06' C W,: PRE33URE FIRoe? 0CES TO VAI AN.O VZIo~e94*C 0040000
1000 om 1241 uja l nluooqc

1030 2 3f) J8201 01(13000
101 Onl 11 Is t a."I 01"416ce10se 230 vZlcluJ~aVZ3cI..j).Cclc.)..cZ.J-.1 !),(Uw.Z2cjI I 00IC
1oop kETUIRN 01 *00

107' 4 010700

36
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C & MeC " G t FI L E E nI ?P m r Cy lft w . V E ; 5S 1 0 5 -2 D A ' f 1o d 2 6 e 2 T? s E 1 Q ji 1 i 2 1 Q Q

fe tuWEif6E S81

S4:*1I : A-fW~L..S~u4 ~ OCUOUC

7. PE&Loe rCAQ#Qj% #rj1v,VP70ILbAvoLMW,1 001)7000

p "'TP ) 0 1(1i~p C ) z N fz c l) DIli ,1 (4 00108000
log I P ILK 00)sfC.PIPNBI21L) hi4)#UFNBK 0011%00

12' 3 "e!"v.bp)pCC9)CCwp) 0012000
13. CI#-Et3ST0- Duvwvic.6l,wP23 0013000

15't OR l00 SSI2%%L 00 15000
1?* 00170000

lot rP 05 '."a1,0ILKI 0019000
J0. ?SCNB01)aT~thm).l 00d0000
Ile 91 CRT'43E 00410go

*~a 13()8 0042900,.~iogso

D4 0 Ila JsI,3 ogoaoo
ag. C! lip 1Tal'p oogIsoco
200 MCAMCIPJ)U0.0 omwoo
27* Ito CeNTINUE 00970oC
ace Rftkl'(11lu~I.Q ososo

30. on 130 JI*2#NRS 00)0000
Ile De 135 Ia2,Pt 0011000

33. lC20l.C()R0(~l2)C(l 0033000
3" 30 CGIEoicloo

39a onl lao 181,"P0300
30. PCOPICIV1)NOCOP(iea) 0036oso
Ile ARt06,lvauwC0R(I#3) 0017696

34* 130 C-311I NUE ofiooo
ace o 14 181'"P2 0060000

42* 0021000

ad* tI I, INI 0093000
ass CALL whIPWO4Yt0?1) oso

01 160 18 M0 0045800
47* e to jet"Pa0060000

48& RIwVI(Zf.l~)o0,o 006000

a,.e WD lot Ualsop? 004000

5SO& 3coriu 0660000

$Io lo CONINUE 0051000

3. De 170) IaI,"2 002000

Sao Dt 17U ul'"P 005A000

500e l70 CAN7P'UE 00%5000

574 (0 205 kb&2,IEALP 0010000

got0 D 0 ts 211 lu,01' 00116000

0. 00 210 JIst93l 0040000
63. RC!'IC1..)Bfao0 006000

Ol Ito21 C0NI,1uE 000000
03. 221) I11'" 001000

6s* 2C CNTIIE oisooo
660 #Cecll*,2)1.c006000

679 ECO(1lI,2.l
be* -Xl1C'8. 06C00C

09' IFC%S.Ly.4i)LKI C.e TM3 j3j 006000
70' ZI'i221ti 007000
71. 232 C1011Z'6E 1 070000

721L 1* 230 ZaaIlfk 007200C

739 0 235 In 0 Ir075000
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CARO IMAGE VILE FE-Te6(CFL-, -. vFUolet. 05.2qQ1,8 1w311Z11

I )3RC~(!,1)00 ?70oC

106 11C MNT-'-LE0060000
a I* 24I C ?,?I .E 6no
ei' 23C COI'L11IE 0oe ooc

e8* OL-IY (:2e D 616 0067000

e* ft 2"S CA, 1U.Uf 0066000

904 a- T3 209 0060000
91* 26 C0I'UE 010
48'k ef 24P 1820"91 00,000
430 IIP1?.. uKI*cAZ13.y~.)OOC~, 0043000
90. 161(1,pJp. 1 )CAtl)CC.U mZa20043000

95 e go% C"% 'Pl 1u 00'su0oO

976 515 C"N.INUE 0o00

9. CALL 00!iCII.Y)o46000

20CA anO Jai**5 014i0000
lat 001 aou 181,"P2 110
logo 9h~ Q (&~ Iuj0Me)mj.o 012000
103. L10 A61 Omf,"P2 OIQl000
106* At0V~I I,J)8UZNVIC,,.)OwP I,.9 VKJ ) 0 104200

10 6e 2 6o C ekNt~i'. E o100000

107. Do~ 270 @e.P 10000
10se Do 270 21P0980

It* 0107000vE tl co
Ills 211 CUT NUE0111000

112a all CITX'4UE 0111000
1130 I4ITUR'* 0113000

time fkc)0118000

'-48



CARD £4
AGL FILE A~l,1~a '~3MIIjQ

* B. ri~ee*(P,., 00300C

NE 4AL*#'~)qs 
0SObe mr 9 SuP.I 0005l~00

C4 In' I , -P1 Ococ
at ~ l31CBZX 00070 0
9* .zZu~ 0009000

lot 01 Ili jul.-P 0009000

It* i0 CIO 0 0

13 . 00 1 0 00
2. S 18I1#1I, 0013000

150 I? i~ i 0019000

lce 0 li 112191' 0016000
lI eclmt'RO.J 0017000

226 117 CONTINUE cilo
230 t" 135 ItaU!'"M. 00d30og
Jae Op 135 Ju1,p ood.oco

17' 10C5'.TI'E O0d60Q0lee It SC I31 o I P*.. 00400
1' S.WP0I 00des0o
Joe PR? 120 1a1, oooop* Its m(~S~)S.O)~( 00310000

31. leo CITU t2. Ooiaoo
33. 0 1#Ia.4 00130003. DR' 155 1sit 003110.035. 3tClijapt8(pd 

colsogo360 IS% C A %T I uC Eb
37. 0's Oei?0o3. fA150 8 llj' 00J60 00

00 SC~hIO4. 
001000

'.3. 157 CAh?11%UE 
00430004

42 . 0041000

o7. (?lj~mcptIj).l(Z.2j 001170004* 200 COtNTMEI00SO
* a446~ C191 0043000

50. 0O0000

5s. c'.o0041000

a* Is AT E os



C&RO I-AGL FILE EcI?,!PCIFE') .. VED3le L5.24 OATE.Iou,,ezmIu1I1,9

2. PaAAmeTF 422 1 .2j 1 0002000
I. DAIpAITE NHL~a?,t-2L- I 2 0La 1OU03000
JeAA 4~&L~ TF fv4# ~~ 00000c
5. a e&a A$.Py aP u.l,0uPN..2,NP I aNP. IFNO2aINP.R 0005000

bot FEAL~e 4C1Av0I~v#R1%vl,QTTLOA 1006000

74 Cp-).EPP'v(PvPp*W)QIN (mP2#wP2#N~iL" 0) vQ! ("o3 0OU7000
!. a IG060

too 3 ckp(m;,oP)vcxCMP),cv(Np) 0010000
It*e 0I04E14zeON xcp, .P) 0011000

ta mqn h-~u 1L9 0012000-

13 Su0~ 05 ) X' . 0013000
15e Oo CINT.1 Lo 0015000

le, CM 9 122,M*1 0016000

17' SUPF04,SaUF(N9l)**8S(F(IZECOIdJ)l)) 0017000
lot .5 CIINIUE 0016000

204 IF i U'F (r-R1G?.) T 0 U5 004do000

ale S4j.F (Ne )at~ I f!00,100
22* 46 c~' TI UE CodaloO

23* NS1'R~a1 0093000
240 F)" 199 Tu1,5 coddood

25' Om 200 NIJONST*AQT.8LK odscoo

270 Iml5I(N8),I oodcooc

297 of iE20, CtCpltt1 0098000

jet CA 2115 182 1 1 00419000

31* lxKxJJ.-CXCI teXo:I fj) ICYCJ2 0011000
324 V!~ CaNTI"JE ooJiaoc
336 IF(NG.EG.JlJLK) f.A Tn 2n 0033000

34* c Si 1781,11 acOIocO

35* J10IE1'K').I 0035000

37 0017000

38. 2!0 ~ .IU 0036000

.lot 42g0.0 ocoao

at* r-0 ale Ilt..M 404U000
020 £A2O2*O*RS(TTLi(I)t 00is2000

4130 leeleCf001000

as* tA(&1.LE.0.1, GP Im 230 0005O00

.. " 'i? Jh810 0046O0

Oft r^ 217 t8cip 0007000
IAA* 'JCO'( I,.)J )an. 006e0c

4400 217 C'01',LE 0009000

Sa0 r,1 e2 jx.p2 001rV000

51. liCI"01JoI*aOU.. flO,31000

S26 0! aaS Jtulop92 00,32Q0

51. 223 CA.POI"aE ooJ4o0o

Is* IF(f'9.EO.l1 G" If- 251 0055000o
56e 01 za25 Juat"t *Ooooc

57. OCONCJOl).30.0 0057000
0a'D 225 'a2.Pt 0056 000

Sole ACeHJ,l)m0C1)k(j l~C,)q~l*1JlIP 00110000
s* 225 Cr*4t101J1 0060000
6ore CA 226 182'"01 0061000
bat x~iC.)~:3 sct)ISC,:~ocizooo
630 22. Cft4?XNUE 006300C

bla 251 CONT~INUE ooioocc

65 22O lld 006000
bei _S2CNT'U 0006000

72* 230 C I 1-UE 00 '2000

75& CA 200 182'.01L 0004000

77.1p0L(Nle 0077000
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CARD INAGE f:L ErlyeRCCFEw) vE*. P C 5,29I)AT .tta I ,tea !u1g2

784 3fkjzE(NA).2 0076000
794 4 007900C
80' 1!(NB.E.'dSLK) c-1 T 502 008060c
$to Lo6 30b !u2,"01 DoelOoc

53. 18(ZJJ.IC!)X(1.,.J )/C(J)0003000
640 305 CO%.'I'.UE 0000000
65. 502 Ctq%TI0UE OcIoac
e.. OR 552 1781#10 0000000

8I ZCNO.EC.NBLX) Go To !170070

eq0. D AItOCsI )UCJ.)(2ZJ0."p)IZ1,2)hYJ 0000000

** 315 CeNTINUE 0042000

q~t 317 ~'iTO 31 0043000

95* 317 CINTINUE 0 0* S000

97* 31 S~NI0049000

go 310 @ CONT0N0 010000
101' 06 20 Zu.N 0100000

l0am Aj3A20D83CRTILLACI 3)0102000
lose 316 CO%11I'UE 0103000
100.1 A3wA2t3UW4F(N@) 01000C
l0se ?P(AS.LEv1ERRSR) Ge TO 300 0105000
100* De 320 Jv1.3 0106000
107' on 320 181'"p 0107 00 C
1ose RC6A(LFJ)wo.0 0106000
10ot 320 CnNTINUE 0100000

110* Oe 34 juf"P20110000
Ills ACe"Cj+l,1)mo.o 0111000
113. Do 324 J1818MP2 012,1000
113. RC6tRCJ~l.2)uRCs. (J,1.2)*RTTL3ACJI ).RZ.VE(41J,NOB) 0113000
Ila* 324 CONwTINUE 01 18000
Ill' ZFCbs.gel3 Gf4 70 551 01 1500
1160 DA 32'j Ja2,"Pl 0110000

116. 06 $(JS Ka.QP 0117000

119. P OR'J,)R!A42 * Circ,2,.ORINYVI (x-IJ- I sP. 1) 0119000
120. 32! CmNI'NUE olgoooo
121k 00 326 laZ,"pt 0191000
122* ~ pShlIC.3d.3.~~I olooo
123. 326 Ct4NTINUE 0193000
1Q18. 551 CONTI14UE 0210000
13.5. CALL 53StX#1S(19),1tEh6)) loc
130. 552 CMN.7P-uE ol10000
1374 3oo C6NTPNuE 0117000
lie*6 JImILMI 0116000
129. De 330 !m2,0.pi 0119000

133. £20. 01310000

1130 CI! 332 311'"2 0138000
135. A2.iA0A35CT1L(t1) 0u35000
136t 332 CONTINUE 0116000

* 137. £3s2s'Jm7() 0137000
Is135 1F(A3.LE.E0460) Ge Te 201 0118000
139. NSAR'a2 o03900
I a. 104 C~sT04T ILE 01;"0000
102. 201 C^%T1NuE 0102000
140 0"~ 350 J92,'Pt '202000

loS. 350 C-NItNUE 02 "5000
*1100 . r 3cL 122,"01 0 1 6000

1410. c 0T 1 .AV 01.80c

ISO- 371 Js2,'4P1 1 lu 0vQ
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CApO IpSeat FILL tolveocCIFEN) we Vgajj h 1%.1 Oa AT18IlOJl !"t0dll8lt

~g* 01 37a Isao.*t 0117000

soe 372 Cak,1ut 016100

162 MCTUON 0lia30@

42

%k
4%



CARD ImAGE FILE EcZyOPcCIPfh) .. v~s5lek cS.29 DATlut~do.S T26182II~I@

74 OA* CIIhbII4IUIO 0497000

Its a3 %'Iu 0010000

10. 9E~I~ 0013000
140 t3 C"% ioeu '~ 0014000
100 O 15 Ia1.P' 0016000

Joe t.*1h(,~).~uz3 00*0000
II: lagCA011 aC.cIl 00*100

a** 190 C~kTjUE[oilf
J7& 14o CG&,TIhit 00*7000

4.43



CanS tim61 FILE gS??gm(cIPIWJ . VEN65OA OS DAIGIOifeiI5 TINESlIS13136

It PROGRAM, OCEAN 069100
3* PAskotattm "Gat'hal 0eslogo

6. CiiOPP A A*~C.**~.AA(r~ 006060
70 coul1 a)V3(co**eea

Bef~. .1~tbl.A(~1)Vt(ih) 6?e
so 0 31h)PM,1.~~.i e6449

tO* 0*. NSM 616444

I?* Mae(%# IM)I TtP 661760

q* RIA001008"s:stof:l

its CALL lost? WM@lee
83e PF(ZTIN9,I601)56 o to f3616
8494 C 4444440
ase C CONTINUED tTGMATgIlkg~ pine. A Mz5~e9V TAPE SedsoOl
160 C @Odessa

aft if C16 56 eise

36* as xl21tgSVIE36q. goO
31* C 66lso*e
31. C 10416T ILT INITIAL FIELDS :e11666
336 C 9633646
Ise CALL PUTOUT Walsee
31& IF (I7TI6g,)UTOP 9439040
36. Do Of hU?166r16S *$ess@el

see C CI6*'J11 (AYSUIITATIC P'ISSUR9 £Ake CtAgheSI vESTICAL V241664
39., C 0639.00
see CALL Up 606099
@* C oseteec
Gas C CR"Pt~t ALL tuVISCIS M08l ooeaee
430 C 6lo3066

.1. C 0941440
000 C Coppult viscous MosU $11GOVI

A* CALL OZpp@066
09* C
10. C 4164069%11 I'4 ?lot $0go
%is C F18? 72119SE 31 II9P6640 IF STAiN? 11 CALLED 66)1660
gas C 69)1066
130 0P1~.E~~~.?~~goOLu.eI?61)3649
40 CALL 0066W osmfle

11411 C foe
If* C DoP3(c moumDART VALUES too vCL6ClTv MM$se
gas C .1128600

W6 C 666661el
6191 C C16ECX IP 0IL? It $TAIL[ e601060
Sao CC6660

63eCeL CC 0066 f

700 C Waacge
a?. C mOgIb? 98ITOR TAPE~? tvtl IT~ STP$ *ete
IRS C. 6411916

76* C fC01u Islas$@
"AO C O 16fwagnY16 wn 217316sse

9%0 We60a60

73 IUO(6?W2?~l.6.,wl~h)Il.IOAA.OYA.44,3e



*CARD LUA6 PILE feOletgS(CpE) we vtQ8gjp @5.es DAY18uao11.,ha T1011h9411613813

1. auOuTINt PIT? 0001066
IleS~tl UR~sl 016

CU40 ~ EV1~&JeT(~a)U(1ha.~(.1.006
So 1VlPb)~(aia.IRwh)v~.~a.000

ats C0000
I"0 C ZNITMILZE ALL DEPENDENT VARIAOL91 AhO CONSAq5 00ite0@
1a* C ALOWAS 137gWNIIIZNL06T16 OP ol,

13t C 0018000
Is* C ftop tis THE7IW ZN Slpa h330U?.IN1SI"hoUS~ 0015000

its C 941a.00.
Ile DEL'3'06. 60110
S.41 ALPNAGO.16 Waes
lot 041404o 011q*90

820 C olgise
* 13' C SUPINE RADII AT GRID POINTS AlsD ALL sale INTERVALS 0043010

age o o 8104 041110
11' is 16 Zaa.U*91 sea..,

set Do 30 Z1111 Wow06
11. 30 ::31641~(I.1I.))oiao

1610 C "AliNANASCDOI) 00sse00

37. C *PNaNcostg(Aij 0631661 4*jet C gs a
30o, C Depth& ALL tits :*o
406 0C 10iJoessQl0

See OW 80*0611I0(S..CIM8).1(t)) *eses~

seez. 8IJ)011toetlJ.ZJ1) 00:6611

* ~ ~ ~ q IRS D1MMIDUI.B(Zl(jl~e~O.l() 9669461
Joe 9069066

lie C a &A D 0tAl CONSTANT veto IN suUsRUflNE 1"UNDv 1141800
13' C Poo COSTAT DIV. AND vent. CONDITIONS 0413946
ISO C111111
IS't Iasm I w~(P 1IS(. t tC o 01199

10. goa o 941004

got~ C DIPINE CEMISZTY alLATED COSTANTS oso
to C '0660090

3i. Do 130 Joao% sitw .b.

ego Do.ijlo 0949000
07* DO 135 JOI*N~q 000009
s*'C -0048000
fee6 C WINEt~ 0N1ON7WAL AND VERTICAL D16PL1IZI CIPEFFIENU socogee
711t C 001000

let C11SOSo@01*D2t1c1..1,EL? 067100
730 Do 144 ists" 00?300c
700 140 Pit( SCtgpW *1.efKP (ovLGA' loqlat 7.)) 06C
75. Do IS@ J210,101 00 15000

* To* IN 007000

77e RTURN OT?09
Too 9000
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CANI AG V'tILE 90OgUCIFEW) we VC411j1% 01.24 O*?uITU8ji I"(10ao0j,3

SsUIRUSUI'C mSsy 0000

a. sue4y*e*IhI 0001006

3.Ma..CUsuahIhge 000701

so~f~,.~I~),Zw~ 0004400

Joe DIC66 AAIk)DT1 0006000

is. c~ Z*g~ 00?IVI,(h*.S)1100

130 *Ill.t "ASS F29LOS FOR A 7MCISCtZCAL SlhG 641346
146 c @Slagle

i1* M13 011000

as* 0 to 1(9hI*SN0.COL*7Z12#I..116./W 0011000

RE* as 30 zuzattzas sedate@

240 @6 40 jottha 00460**
is. P&C'ULNp(F%,Oh?(J.1jj/l.) se8946.

a?* 90 O1I.IJ)olt(I,d1)PCT 00870
as* C 06106
a"0 c prsioaun is *.vavpoo W,0300?A?:C*LL, Faso SU0Y*WCt Segle@

30C so feet2.0

33' toSo0 104 00 oseoo
389 so 0 310 so &...

30.1 C 0:3000

as* Do 70 331.0' 410060

43e ZjaI 0*4.0.0
So0 - If I" A,LT~g.)S0 To too O1iSsoo

a?. C M07144
so* C SE? o*?*13A?'I PRO Ll*9 ~U .. 000

Sao CALL vfttOV 6411969
* 13. O of :010 IU0013040

11. 1011uph 0011000

10* off PIN Cl 'ii~i3 gose$@
I? o 1ICLI 8~T:1$Ai 01a.aa 070'fps 041714 Al
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to 4-61 UP .. ~-

it0loTNEU 919
C..lAUU5I 0CC'' ..taa "aESSInh 01coM04~l0S W~l~~a~l

70 coo"is.

its C settees
Ile C segesghg 18 INY':'.g sSVsOSTATICALLY PROP I *@l@

*3 lc ,g13090

leO D to 810" 9~eN614060

lie Do 410 2SiW1 0117000

Ile C 0419496

04 30 : 084000
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CARD 11464a FILL get?6O(CI,!M) '.. VERSION 01.14 DaT!,lo9jaf~ua T?10,9 1811313

1. SUPiOUTIAI( U'1UhV ScutCOc
1. PAGANKhfI 00lIaeud moli

6: V21 ~1,l1.e)v3h~e e'(eE 010

00t SIN 41?0

I* "~3lop ft1714110,0&aide mt I)*SIva( o)PAL OO& I % Wj9SIN #an I auligy(0PIK NJ33 U4

ot C 00440

lotC ATRA eUMAR FR A14CTIA AC ADALV90CT18 0104

li C48UPNGC~?IUIS OTIIT &o tvagbc 0410
lie C 41899

\. . . . -I ... ... ... ... ... ... ...



CARD 10*61 'ILt ECOtgR(CIVER) meVEgIgII *l.19 DATCsO/OI 7I1914116138136

*C 999460
Si pa&uttg wg~~gsees*$@6

SAAIE t6,.181Wm'1,4~~ 006
70 gomo06seogvnit 1 b)fVTI gw'w1)ua Collu1) vacw0413 6661col@$

130 gouty'I. Meg (V.SJ(V.T)(6S@13600
14* C @s ies@
ISO C MOGZS"TdAL DIFFUSION OF RADIAL. VELeCITY osl
160 C *,.Sao .

174 Do 10 Jelfu1 0617666
Joe o0 Is slami g,16666 ,%

See c 01101Z2911AL DIFFUSION IF TAMStMThAL VELoCITV 044

as. asoa..
a. o .. si6 *0s

1?' DO 6 1Sl.N
lie C 6 V1(JUTIIJ.K13C(TI*.)VC.J)O1(3 66

30a 1 em)... . 5

R0e 0606 m8496o~eg

190 so *el(8(91J.0111Dm(.101C ) 00446000

Ol 0 70 Jl.010946696
ale e 0(1.ISI(l.I..s~l)c(SaJ.3(.J))(DSU).SIC)) 647600

O; Q* JC. 00066

$Re of 630lJ)o31C01j).wu(01)e((.000lJ)e6(MI.Jl/o(DIIom) ("4111909g~
$30 t .((1J.(aJ3(h(1e1"3)600300

ISO C0164
a.. C VOIIIC&L CiPPusIZOF UP ACI&NAL VLeCT' eoas@$

61. of Ila jat'll 6*1066
Do 0 ti0 Ia6100I 006140

NO lie V03(1.J)SVR3(I.J),3UCJ).((VlCIJ*lIn*VaCIJ))#0Z1(J,1) 906300

00 16 Ile* .00100

a0t C 004000

01. 0 11 J~l01 oit49
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TWT - - %- : -- ~~

CARD :"4G& PILE gCI~vQ(c:fg%) me vImgIO, 01.241 0*'?g.'o,aaYWmalal

70' C 0070000
71. C VERTICAL DIFFUSION4 of B 007100
71* C 001100
734 De 16 Jsa#Nl4 007300
71. DOe 13 J.3Z.)l()(mlJ1.C.J)OlJ1 0074000
70 ?S*,~e(.~lOlt)i01J 007*000
770 013 170 19i001 007706

79. 09 age I11#0 00796090
S* too U~ 066010
sit f9TUR 001004
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CanD ImtOP 'ILL fDoS(CeatcIti* VERI8h6 04.8 D&?EGlO/2l01 ?!IMlaa.16 5 134

to SUBROUTINE podac 0001066

3. ARAaLTER 0~~1~uetu.1mu~ 003100

1. C0NA /puDL1xNu.?NI 0T*INOIhP.U 0007000

6. C 0006000

4, C REPLACE CAlol MITh lW go VALU. v*0uu oo 6e
Joe C 0010..,
31 00 10 311,140 0011660
la* to DAT&3(I)uDATAlIC).loeCgLTe*hA3(1) 0WOO0
13' C @013000
100 C Tip' 8NOOTWIWS 0014090

lot o 360016000
*1 il Do a0 9.1"109478

lot 30 c ONR"UI 0019000
20O C 0040000
81. C OP01611AN pameIfteS 6641044

DO* 0040 btliD609

260 So DSAl1I)ODATAI(1) gi*s*

29. C 049601
lot Do 60 Imlte WSW06

31' 40 oAATSCzzON. c,33000
Sat REIUO' osia,,
330 END* 0330.0
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CA4U ZW*AGL PILg CO!VS0CCIFER) .. vgSe%,1 01.29 0D?!a10'lp048l ?ZOEE141t6132110

*OO MUU(UCI.ECX

1. *Ugf0UPf CmCC, 0091000
pAmAqwtlE* wull'holl 0002000

1 4 0004000

7. ~ 0007000
It 0000000

l0t 019 i@J'it~t 00 10600
Ile De a0 lot," 0011000
la* 10 .0M(~fu(),~z~,vlTJ20012000
l3s 0013000
a. ?gS4t*).~ 041064

Ise 08MPIhI(0?,OELT) 00S00
10.t to C9hl1bUt 001000
ii. 0I.OMZI(D?,?flV) 001700
is* PtOT9690.ftClTmuk 49h600
140 OgLTmuo?*75OgT 001900
a0. P4I1 1440.L 000060
ale too PSMTI~~,... I ts 15 AGF C 0 ?S1PE11.8. '....) ,10
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CARD ZM*SI9 FILE ECITORCCTPEN) .. VERIISK 05.29 DATEB10126112 TIWC"1e~3213e

Is SUOROUTINE ADVELI 0061000
as C 0002004
U . CO''LIE INC &OVECTIVE TERMS 0003000

* 6 C 0006000
So PARA14ETER "ulIlI 00500
6a WA0*eq4YER *@voice@.~1Nu1Ngel06.0
70 n m ~eev1~~,T M#iitIh)V2Wb2 000700
to W TI ( I'm ) :BIC" I 'kI)# Valtoo#% )NV73(ptk 1) 0096000
a. 2*(,h)pt"(NIO3, M41t., 0069000

lotC 0010000

13* CCIifC NSIIVzIN'L VECI h UN 0021, ELOII 0013000
ib'. C 001000

l1e 05tOI..N 0015000
I?* D 10 V)ZJ9s0l.m1.)V18,J)(m1J)V"t.))Oi3i 6917090

ale a #VOSIPJ3 sod:#$@
agei C cOdioOc
I3e C HORIZONTAL ADVICIN FOR TANG94TIAL VELOCITY 004300
li6 C 0e0aa00
Is* Do as Jol.'41 0045000
lee 0o s0 InaI OCA6090

37 le3CJ 0017900-

30e C "618138STAL* ADVECIION Poll GOSANCY tow00
31 alC :e11090
386 00 o0 JaIrmi 0oolao
33t DO00 I 18#04 0033000

346 6e0 JuuCe ueSVd JeUl3uiJ boIa 0037000

37e 7 OSeJI.4 00100

*CC VENTICAL AI)VtCfl~t FORa RADIAL VELOCITY 0641400
ale C 00ale

:* D6 90 J9l1048 0063000
IIC Do 90 I120" 004ao0o
61. 90 VA3CWeJ)URC.J0leCVC8,)V~,)C(RIJ.S,~ 0065000
460 0lJVIJ1.ZItJ1)CV(,,)VC,) 0046000
17e 2 l(J.1o)) 007000
see 06 95 J1810l 004000

so IjFI0221u) 005000
Ste Do 96 Z810"t 0041100

53. Z(s 0063000
94e C 00b0000o
SS* C VENTICAL AMMONI~ FOR TANGENTIAL VELOCITY ossicoo
96e C 005000
S7. Do to0 Jell%& 0057000
see Doto 16804~*1 oe000000
So* 100 VT3(1eJ)UVT3(I.j~.0.l~e((vZ(Zs1.J).VZ(Z.J))e(VTC:eJ)evT(I.Jel31 0099001

ole De 105 1820010000
60 105 yT3(Zul)mV73(?. l)oelle(vZ(Zel)*VZ(Ielel))*CVTC?,l).VTC?, fl) 000000
64e 1 l0za(l) 00b40.
6* CP too 182'"1 0065000
406e 106 7 N~V3Ih~0.~(ZIh)V(~,4l)CTI%)v IN) 0066000
670 I /DZ2IC4) 0000DO
fps* C -004000
#96 C Vf7ICAL ADVECTIO4 won a 0049000
70. C 000
71. 01 ISO Jol,42 00100C
71. Do ISO 18l*01 0072000
73a ISC 5C.)UC.)OS(Z JeU(. eSe)# l410013000

77e Do 170 ilo,-% 00?7000 1
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*CARD IMAGE FILE ECITOg(CJFIR3 Vg. le'u? CS.20 DATE810-dlt/42 7?w99tla,132136

79* C 00 ?900C
GO. C INERTIA ,EN00S #00 hONIZ~kAL MOPEhNTUP 0000000I1a C coclooc

#a* OR Ito al.MI 00ilaoo
go. O v3Io gm.3.TI.2C?,30 1Z).CDZ 003006

Is* ltc~3ZJ.iC.)V(,)cTIJ,1C.I1 0011000
4611 C ooe.ooc
81h. C $SCURE Ga401ENT FORCE 0007000
so* C oioo
64* Ca Lao J91.'41 oo..ooo
J0e DoLa 1 2lal1 C040000
41* l5 ie CJUP(.)((.).C14)CM.~C) 0041000

US. C 1T6III!' io04000
91C C 00440O0

-qI. Do 130 J51,41 005,000
-44* Do 130 181.01 0046000

46* SETUS" 0046040
94l IC 00*0000

A

95



*4N L14ACL F~ILE !'lOR(C!IFE6) .. Qje Q 05*q ATh.I0126,#92 ?1ME11 1 613 213

at PAR&,4tI'Eh i l.hel oouaooo

Joe C0010010

1470 C 001201
10 DIN&NsIow Iou"cl-t)0130

1i* 70 D*YUT(0111#1 fOAtg.OoVLOIYCM)AT7elt 06060t,
ala P# 710 r 04 ??ww ERTAYIUCLVLCT C/)A 806,1 001600.
83TO 711 FOM10 1o J'l61YFIL (*0) T78#6# 0017000

ale "VI% 7204?J'4g olvt 944000

846 Do 10 JIloo *gases@
IO 10 ?0u"clomvaloJ) co10000
31' PRINT 70§#171"t esiocce

* 3* CALLi *AP'C0umR.ZlNv~h) 000996o
if* Do 30 Jol#Nh *fgges0

29* 3o0 Sol# goees

30. PRINT 710.ZINE" c.ll...
3?. CALL mAv(IDUm,Ql.Zi1#k1.) college
30. Do 00 joi*.. 083000
39. Do 30 191'"1 0:1460

*6 i. PR~I 710#.T1' 0016664
3la CALL "A'(I0UMvIlz1#l,N%1 63000
38 On *o joloki f0 36090
390 00 40 1810"t 0094

AG ag. pmyU 15.go62I~j*g 0600600

Sao CALLA~ 0,0000

476 CALL008q000

441 RTRN080

EN;0440
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CODG 1011G IIF CIPUn(CIPL'-) .. V983160 05.24 CATE.Iflhlb,0I ?MTIV GaleIsalJ&

se3 u a CI atlphl ,MIZ~ oolcoo

it* .0 I2(J)vZ(J)et,..40,I~ 001 1000

110 P61 70 0011000

'S134 POINT1 700(IR(D).1u1po) 0013000

1"* P~t% 70 0.1400

is@ 00 30 ijJ.I.w @011000

16* JOTN06j 001000

is* 4TUR"0016000

5*6
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